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INTRODUCTION 


Dark  clay  soils  at  Zamorano,  Honduras,  are  low  in  total  N and 
available  P but  relatively  high  in  C.  Consequently,  they  have  high  C/N 
and  C/P  ratios.  In  addition,  about  Gof>  of  the  total  P is  in  the  organic 
fraction.  All  of  the  above  properties  have  a very  iirportant  effect  on 
the  response  of  these  soils  to  fertilizer  application. 

As  in  the  case  of  most  dark  clays,  Zamorano  soils  present  tillage 
problems.  Because  of  their  high  clay  content  (30-35^ )>  they  are  very 
hard  when  dry  and  very  plastic  and  sticky  when  wet.  In  Honduras,  dark 
clay  soils  are  mostly  used  for  grazing.  However,  evidence  provided  in 
the  literature  and  by  experience  indicate  a high  agricultural  potential 
for  these  soils  when  properly  managed. 

One  of  the  improvements  within  the  reach  of  the  individual  farmer 
is  fertilization.  With  the  establishment  of  fertilizer  factories  in 
the  countries  of  El  Salvador  and  Costa  Rica,  the  cost  of  fertilization 
in  Central  American  countries  is  lower  than  it  was  in  the  past  when  all 
fertilizers  were  imported. 

The  Central  American  common  market  provides  an  ideal  situation 
for  the  expansion  of  agriculture  because  products  can  be  offered  to  a 
larger  population  and  therefore  large  scale  production  becomes  possible 
and  economical. 

In  recent  years,  results  from  fertilization  trials  made  at  Zamorano 
have  been  encouraging.  However,  there  are  still  many  problems  which 
need  further  study.  One  of  them  is  the  interaction  between  N and  P in 
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these  soils.  This  is  the  subject  of  the  present  investigation. 

The  objective  of  this  study  was  to  explain  the  reason  for  the  NP 
interaction  in  two  dark  clay  soils  from  Zamorano  which  had  not  been 
previously  fertilized. 

The  findings  of  this  research  may  be  applicable  to  other  soils 
of  Central  and  South  America.  However,  local  climatic  conditions  and 
special  soil  chemical  and  physical  properties  should  be  given  carefxil 


consideration. 


LITERATURE  REVIEW 


The  Effect  of  Nitrogen  on  the  Absorption  of  Phosphorus  by  Plants 

The  effect  of  applied  N on  uptake  has  been  studied  by  many  authors. 
Robertson,  et  al.  (64)  found  that  the  addition  of  ammonium  sulfate  to 
a silt  loam  from  Indiana  caused  a significant  effect  on  early  P utiliza- 
tion by  corn,  eind  a higher  absorption  of  P by  the  plant  for  the  remainder 
of  the  season.  Olson  and  Dreier  (57)^  working  with  soils  from  Nebraska, 
showed  that  applied  N stimulated  the  use  of  fertilizer  P by  wheat  and 
oats  under  a wide  range  of  soil  conditions.  They  observed  that  ammoni- 
cal-N  exceeded  nitrate-N  in  this  effect  during  the  early  stages  of 
plant  growth. 

Yuen  and  Pollard  (83)  reported  increased  absorption  of  P by 
Italian  ryegrass  treated  with  repeated  applications  of  nitrogenous 
fertilizers.  They  observed  that  in  a soil  at  pH  4.9,  sodium  nitrate  and 
potassi\ua  nitrate  were  more  efficient  than  ammonium  sulfate  and  ammonium 
chloride  in  increasing  the  uptake  of  native  and  fertilizer  P by  plants. 

In  soils  of  pH  6.4,  they  observed  that  the  ammoniacal  sources  promoted  P 
uptake  by  Italian  ryegrass.  They  also  compared  the  ammonium  salts  of 
mono-hydrogen  orthophosphate  and  di -hydrogen  orthophosphate  with  ammoniat- 
ed  superphosphate  and  found  that  the  absorption  of  P and  N increased 
with  increasing  N content  of  these  fertilizers. 

This  seems  to  indicate  that  in  acid  tropical  soils,  the  addition 
of  nitrate-N  rather  than  ammoniacal-N  along  with  fertilizer  P would  be 
more  advantageous  for  better  use  of  applied  P. 
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Dorraaar  and  Ketcheson  (26 ) demonstrated  that  the  ammoniacaJL-N 
tends  to  be  more  efficient  than  the  nitrate-N  for  influencing  P uptake. 

The  K carrier  influenced  the  availability  of  fertilizer  phosphorus 
to  plants,  according  to  work  by  Caldwell  (l8).  He  showed  that  salts 
such  as  ammonium  salts  of  nitrate,  sulfate,  and  chloride  increased  P 
absorption  by  corn  from  superphosphate  significantly  when  the  nitrogen 
and  phosphorus  sources  were  intimately  mixed.  He  also  reported  that 
the  K from  ammonium  phosphate  and  ammoniated  superphosphate  increased 
the  P absorption.  However,  when  calcium  nitrate  and  sodium  nitrate 
were  mixed  with  superphosphate,  there  was  no  increase  in  P absorption. 

He  concluded  that  the  effect  of  N on  P absorption  was  caused  by  chemical 
interactions  between  K and  P salts  rather  than  physiological  effects 
of  N in  the  plant. 

Working  with  sandy  loam  soils  from  Tanganyika,  Kabaara 
also  reported  a W and  P interaction.  He  concluded  that  phosphate 
enhanced  uptake  of  nitrates. 

Bouma  (13)  studied  the  effect  of  prolonged  applications  of  ammonium 
sulfate  on  a soil  from  Australia  utilized  for  citrus.  He  found  that 
applications  of  phosphate  caused  a marked  increase  in  growth  and  P uptake 
only  of  plants  growing  in  soils  which  did  not  receive  N fertilizer. 

He  concluded  that  A1  released  by  the  acidity  generated  in  the  soil  by 
ammonium  sulfate  fixed  the  added  phosphate  in  the  N plots.  On  the  other 
hand,  without  applied  W phosphate  fixation  was  not  found  and  a response 
to  applications  of  phosphate  were  obtained. 

Rennie  and  Soper  (63)  concluded  that  the  difference  between  the 
effect  of  ammonium  ion  and  nitrate  ion  on  P uptake  was  due  to  an  indirect 
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effect  of  the  former  on  the  ability  of  the  plant  to  take  up  P.  They 
believed  that  the  availability  of  applied  P was  not  altered  by  the 
presence  of  ammonium  ions. 

Hardy  (34)  conducted  greenhouse  tests  on  five  different  soil 
types  from  Trinidad  which  had  been  utilized  for  growing  sugar  cane. 

They  obtained  an  increase  in  yields  of  sudangrass  with  increasing 
rates  of  superphosphate  when  high  K application  were  made.  The  optimum 
rate  of  superphosphate  was  about  1,130  kg/ha.  He  suggested  that  in 
the  past  the  application  of  fertilizers  at  low  rates  explained  the 
lack  of  response  to  soluble  phosphatic  materials. 

Miller  and  Ashton  (52)  obtained  increased  absorption  of  P by 
oats  with  increasing  rates  of  N.  The  increase  of  fertilizer-P 
absorption  was  much  greater  than  the  increase  in  dry  weight  of  tops. 
Wheeler  (82)  obtained  significant  increase  of  oven-dry  grass  by  appli- 
cation of  superphosphate  only  where  W at  the  rate  of  291  kg/ha/year 
had  been  applied. 

The  increased  absorption  of  P from  the  fertilizer  caused  by  N 
applications  ha^  been  explained  by  Grunes  (31)  in  terms  of  the  binding 
mechanism  of  plant  roots.  He  attributed  part  of  the  interaction  to 
the  failure  of  applied  N to  promote  the  absorption  of  the  difficultly 
soluble  soil  P. 

Bennett,  et  al.  (lO)  believed  that  the  increase  in  P content  of 
leaves  with  N applications  was  associated  with  the  physiological  stimu- 
lation of  the  plant  rather  than  with  increased  solubility  of  P or  more 
extensive  root  system.  Cole,  et  al.  (20)  reported  that  pretreatment 
with  N fertilizer  stimulated  P content  of  the  roots.  They  found  that 
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high,  P applications  showed  less  effect  than  the  N pretreatments . They 
indicated  that  the  greater  stimulation  of  P uptake  at  higher  P appli- 
cations resulted  in  a higher  proportion  of  fertilizer  P to  soil  P taken 
up  by  plants  when  N is  applied.  This  behavior  was  consistent,  they 
found,  with  the  observations  of  little  or  no  increase  of  total  P 
absorbed  by  plants  when  N was  applied  to  soil  having  a low  P content. 

In  a study  on  the  influence  of  K on  the  availability  of  fertilizer 
P in  two  alluvial  soils,  Dev  (23)  found  that  N significantly  enhanced 
the  plant  uptake  of  fertilizer  P. 

Development  of  a root  mass  in  the  area  of  nitrogen  and  phosphorus 
placement  has  been  observed  by  Miller  and  Ohlrogge  (53)*  They  indicated 
that  the  Increased  P uptalce  was  independent  of  the  soil-P  level.  The 
effect  of  N on  the  availability  of  soil  and  fertilizer  P was  the 
subject  of  an  extensive  review  of  Grunes  (30)«  He  suggested  that  the 
addition  of  N to  a soil  deficient  in  N increased  the  absorption  capacity 
of  roots  more  than  could  be  accounted  for  by  an  increase  in  weight  of 
the  roots.  In  the  same  review,  he  noted  that  N increased  the  growth 
of  tops  more  than  roots.  This  effect  was  also  reported  by  Dormaar 
and  Ketcheson  (26).  They  found  that  the  total  dry  matter  of  roots 
was  inversely  related  to  the  N application  and  to  total  P uptake.  In 
the  same  paper,  they  found  that  the  effect  of  N and  P uptake  was  enhanced 
by  increases  in  soil  ten?>erature . 

Phosphorus  in  Soil  Organic  Matter 

Broadbent  (I6)  pointed  out  that  although  soil  organic  matter 
contained  less  P than  N in  many  soils  it  is  responsible  for  more  than 
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half  of  the  total  P in  the  soil.  He  mentioned  that  P coir^iounds  present 
in  soil  organic  matter  are:  the  inositol  phosphates,  nucleic  acids 

and  their  derivatives,  and  phospholipids.  In  the  same  article,  he 
explained  that  large  organic  C to  organic  P ratios  resulted  in  immohili- 
zation  of  available  P.  On  the  other  hand,  if  the  C/P  ratio  is  small, 
a net  increase  in  inorganic  P is  produced. 

Barrow  (8)  reviewed  the  work  on  P in  soil  organic  matter  and 
suggested  that  the  organic  P must  be  regarded  as  a variable  rather 
than  as  a characteristic  fraction  of  soil  organic  matter.  He  pointed 
out  that  several  authors  had  compared  the  decrease  of  organic  P with 
the  decrease  of  the  other  constituents,  but  the  results  showed  little 
agreement.  With  soils  from  South  Australia,  the  organic  P content 
fell  more  slowly  than  the  H content.  Similar  observations  were  noted 
with  soils  from  Iowa,  Colorado,  and  Texas,  but  the  rate  of  mineraliza- 
tion increased  with  increasing  temperature.  In  British  Guiana,  little 
difference  in  the  relative  rate  of  decrease  of  W and  P was  observed. 

In  Ghana  soils,  C and  organic  P decreased  at  a similar  rate,  but  H 
decreased  more  slowly.  From  this,  he  concluded  that  the  rate  of 
mineralization  of  organic  P sometimes  was  not  necessarily  the  same  as 
the  rate  of  mineralization  of  C or  N. 

The  low  content  of  organic  P in  soils  was  not  characteristic  of 
severe  soil  P deficiency,  according  to  Barrow  (8).  The  organic  matter 
formed  when  clover  was  fertilized  with  superphosphate  did  not  show  an 
increase  in  P content.  Barrow  concluded  that  there  are  two  types  of 
evidence  which  indicated  that  not  all  the  organic  P was  intimately 
connected  with  the  organic  matter  of  the  soil*  These  are  (l)  unlike 
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C and  N,  all  the  organic  P can  he  extracted  from  soils  by  alkaline 
eolations,  and  (2)  phosphorus  does  not  seem  to  occur  in  organic  matter 
in  any  characteristic  proportion. 

The  conclusion  can  be  drawn  from  (2 ) that  the  content  of  other 
mineral  elements  in  the  soil  may  ii^luence  the  production  of  organic 
matter  of  different  chemical  composition.  Thus,  the  conqposition  of 
organic  matter  varies  from  one  region  to  another. 

The  Influence  of  Wet  and  Dry  Periods  and  Temperature 
on  the  Mineralization  of  Organic  Matter 

Russell  (66)  indicated  that  an  important  factor  which  controlled 
the  rate  of  mineralization  of  the  organic  P was  the  number  of  times  the 
soil  was  dry  or  moist.  Ten?)erature  was  the  other  factor,  he  found, 
because  the  warmer  the  soil  temperature  was,  the  faster  the  rate  of  de- 
composition of  organic  matter  occurred.  Russell  also  indicated  the 
importance  of  the  organic  matter  in  some  tropical  soils  which  have  most 
of  their  potentially  available  phosphate  in  the  organic  form. 

In  some  areas  which  experience  a dry  and  wet  season,  the  mineral- 
ized and  the  organic  fraction  of  R do  not  fxinction  in  close  inter- 
dependence. Jones  (4-1)  observed  that  the  increase  of  nitrate  in  the 
top  30  cm  took  place  long  before  the  rainy  season,  although  a further 
increase  was  observed  following  the  rains.  Later,  Jones  (i|2)  conducted 
studies  on  the  C of  the  irrigated  soils  of  the  same  area,  which  was 
the  Sudan  Gezira,  and  concluded  that  the  dry  period  was  one  of  intense 
microbiological  activity.  He  (1+3)  also  noted  that  here  the  organic-R 
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reached  a maximum  during  the  rainy  period  of  J\ily  to  August  and 
decreased  to  a minimum  dviring  the  dry  season  of  March  to  April.  He 
reported  that  the  organic-N  in  this  soil  varied  from  215  PPm  to  229  ppm 
and  that  the  nitrate -N  was  only  a few  ppm. 

The  time  of  application  of  nitrogenous  fertilizer  to  a crop  grown 
in  areas  characterized  hy  pronounced  wet  and  dry  seasons  was  studied 
hy  Bruce  and  Tyner  (1T).  They  obtained  the  maximum  response  to  N 
applied  to  the  dry  season  crop  when  all  the  N was  applied  in  the  row 
at  planting  time.  For  the  wet  season,  the  greatest  W response  was 
obtained  by  splitting  the  H application  as  follows:  one-fourth  in  the 

row  at  planting  time,  one -half  top  dressed  four  weeks  after  planting 
and  one -fourth  top  dressed  seven  weeks  after  planting. 

Mineralization  of  Organic  Phosphorus 

Phissell  (66)  indicated  that  probably  none  of  the  phosphate 
compounds  present  in  organic  matter  were  directly  available  to  the  plant. 
He  indicated  that  C/P  ratios  of  100  to  200  in  soils  low  in  phosphates 
may  result  in  the  immobilization  of  inorganic  or  available  phosphate 
in  the  process  of  humus  formation.  He  also  stressed  that  more  work 
had  been  done  on  organic  P mineralization  than  on  its  immobilization 
due  to  humus  accumulation. 

Thompson,  et  al.  (t4)  conducted  some  studies  on  the  occurrence  of 
mineralization  of  organic  P and  reported  that  organic  P mineralization 
was  positively  correlated  with  organic  N and  C mineralization.  They 
also  observed  increased  organic  P mineralization  with  increasing  soil 
pH  during  laboratory  incubation  and  soil  development  in  the  field. 
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Nye  and  Greenland  (55)  found  that  a forest  soil  containing  50  ppm  of 
organic  P and  savanna  soil  with  20  ppm  of  organic  P released  9 and  3.5 
kg  of  P/ha  in  one  year,  respectively. 

The  hypothesis  that  P which  is  present  in  soil  in  the  organic 
form  at  the  beginning  of  a season  woiold  be  of  significance  in  the  nutri- 
tion of  plants  grown  during  that  season  has  been  tested  by  Van  Diest 
and  Black  (TT).  They  found  a correlation  between  several  soil  avail- 
ability indices  and  the  soil  organic  P extracted  by  a solution  made  of 
1^  potassi^lm  carbonate  and  2^a  sodium  hydroxide  and  subsequently  hydro- 
lyzed by  hypobromite.  This  correlation  was  significant  only  for  the 
soils  in  the  range  of  pH  5*5  or  above  and  at  temperatures  of  20  and  35C. 
These  authors  (78)  also  measured  the  amount  of  organic  phosphorus 
mineralized  during  incubation. 

Goswami  and  Datta  (29)  studied  the  effect  of  incorporating  two 
types  of  plant  material  at  two  moisture  levels  on  the  rate  of  decocposi- 
tion  of  both  native  and  added  organic  matter.  They  investigated  the 
availability  of  N,  P,  and  K.  They  did  not  find  any  organic  P after  30 
days  of  incubation;  but  after  k6  days,  they  found  an  increase  of  organic 
P.  After  63  days,  the  organic  P decreased.  They  explained  these  changes 
on  the  basis  of  P immobilization  in  soils.  They  considered  that  during 
the  first  phase,  micro-organisms  mineralized  the  organic  P of  the  added 
organic  matter.  This,  they  expected,  with  materials  of  C/P  ratios  lower 
than  200;  micro-organisms  probably  used  the  available  P for  their 
metabolism.  In  the  second  stage,  they  postulated  that  an  increase  in 
the  population  of  micro-organisms  resulted  in  the  immobilization  of  the 
inorganic  P released  in  the  first  stage.  Later,  a decrease  of  organic  P 
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possibly  represented  the  mineralization  of  the  organic  P from  the 
dead  microbes.  However,  they  pointed  out  that  microbial  fixation 
could  not  account  for  the  decrease  of  available  P observed  in  the 
experiment.  They  concluded  that  the  rate  of  decoirposition  of  organic 
matter  was  determined  by  the  C/N  and  C/P  ratios  and  that  small  additions 
of  organic  matter  stimulated  the  decoB5>osition  of  native  organic  matter. 
This  resiilted  in  a larger  net-C  loss  from  the  soil.  The  stimulation 
lasted  while  the  added  material  formed  an  important  part  of  the  dficon^)OS- 
ing  organic  matter  in  the  soil. 

Sengupta  and  Cornfield  (69)  studied  the  mineralization  of  organic 
P in  calcareous  soils.  They  reported  that  sodium  phytate  was  more 
stable  in  soils  having  a higher  calcium  carbonate  content.  This  was 
due  to  the  lower  solubility  of  the  calcium  phytate  in  the  presence  of 
Ca  ions.  They  observed  that  a rapid  initial  mineralization  of  organic 
P was  followed  by  a slower  rate  of  mineralization.  The  authors 
attributed  this  effect  to  wetting  .of  the  air-dried  soil.  Upon  wetting, 
the  metabolic  activity  of  the  soil  microbes  increased  and  rapid  dephos- 
phorylation resulted.  Later,  the  soil  was  depleted  in  energy- supplying 
material  needed  for  microbial  activity  and  consequently  the  rate  of 
mineralization  decreased.  They  also  indicated  that  the  greater  the 
amount  of  soluble  P present  in  the  soil,  the  less  mineralized  P would 
be  used  by  the  micro-organisms.  Nye  and  Bertheux  (5^)  observed  that 
litter  of  forest  soils  released  N and  P at  the  same  rate.  However,  in 
savanna  soils,  litter  released  mineral  P more  rapidly  than  mineral  W. 
They  pointed  out  that  in  savanna  soils,  mineralization  of  soil  organic 
P coEipounds  proceeded  at  the  same  rate  as  that  of  the  bulk  of  the  soil 


organic  matter. 
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Organic  Phosphorus  in  Soils  From  Different 
Regions  of  the  World 

Nye  and  Berthe\ix  (54)  studied  the  distribution  of  P in  forest 
and  savanna  soils  of  the  Gold  Coast  and  reported  a close  correlation 
between  organic  P and  organic  C content.  They  found  C/P  ratios  of  233 
and  24T  for  the  organic  matter  of  forest  and  savanna  soils  respectively. 
Since  the  average  C/P  ratio  for  a range  of  mineral  soils  throughout 
the  world  is  about  UO^  they  suggested  that  high  C/P  and  N/P  ratio  were 
characteristic  of  P deficient  soils.  They  indicated  that  Bray's  acid 
F extractant  provided  a better  indication  of  phosphate  response  than 
the  more  complete  extractions.  They  also  found  resting  fallow 
increased  readily  soluble  P. 

Bates  and  Baker  (9)  studied  the  distribution  of  P in  the  profile 
and  in  various  soil  fractions  of  a Nigerian  forest  soil.  They  indicated 
that  the  top  soil  was  high  in  total  P content  which  decreased  steadily 
to  75  cm  of  depth  and  increased  to  100  ppm  at  120  to  l80  cm.  They 
observed  that  the  c/P  ratio  of  worm  casts  was  153  in  the  surface  soil 
but  dropped  to  44  below  this  depth.  Litter  contained  900  ppm  of  total 
phosphorus  of  which  697  ppm  were  organic. 

Patel  and  Mehta  (51,  59)  investigated  with  21  soils  from  India 
and  found  a significant  positive  correlation  (r  = + 0.6384)  between 
the  P extracted  with  1$  potassium  carbonate  and  dephosphorylated  by 
hypobromite  and  the  uptake  of  P by  sorghum  plants.  However,  this 
correlation  was  not  considered  iirportant  since  there  was  no  established 
relationship  between  organic  P content  of  the  soils  and  the  uptake  of 
P by  plants.  Moreover,  the  organic  P of  these  soils  was  barely  2^  of 


the  total  soil  P. 
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Kaila  (^5)  conducted  studies  of  organic  P in  213  Finnish  soils. 
Phosphorus  content  ranged  from  100  to  9^^-0  PPm  with  an  average  of  3^0 
ppm  of  P.  The  range  found  corresponded  to  IT  to  68^  of  the  total  P 
content.  He  observed  that  clay  soils  tended  to  be  richer  in  organic  P 
than  soils  of  coarser  texture,  but  poorer  than  the  humic  soils.  He  did 
not  find  any  close  relationship  between  organic  P and  C content.  The 
C/P  ratios  ranged  from  6l  to  2T6  in  the  cultivated  mineral  soil,  from 
l4l  to  526  in  the  humus  soil,  and  from  6T  to  3H  virgin  soil. 

He  found  a significant  correlation  between  the  content  of  organic  P of 
clay  and  humus  soils  and  the  content  of  acid-oxalate  soluble  aluminum. 

In  Finnish  soils,  the  accumulation  of  P in  the  organic  form  was  favored 
by  the  long  cold  periods  and  by  the  presence  of  A1  and  Fe  in  acid  soils. 

The  organic  P of  18  representative  soil  types  from  Hew  Zealand 
ranged  from  59  to  Q1I0  of  the  total  P;  the  average  was  75^  according  to 
Martin  (48).  He  showed  that  the  binding  of  inorganic  and  organic  P xn 
the  soil  were  separate  and  distinct  processes.  The  organic  P was  more 
readily  extractable  by  dilute  potassium  hydroxide  than  was  inorganic  P. 

John,  et  al.  (4o),  working  with  38  soils  which  were  representative 
of  mineral  soils  occurring  in  Canada,  found  an  organic  P content  ranging 
from  21  to  802  ppm.  This  constituted  from  1.8  to  TT-T^  of  the  total  P 
in  the  soil.  They  reported  a close  dependence  of  organic  P on  K xn 
the  soil.  The  c/P  and  H/P  ratios  reported  by  the  authors  ranged  from 
k6  to  648  and  from  5-46  to  57.6,  respectively.  They  interpreted  these 
as  the  variability  of  the  organic  P in  the  soil  organic  matter.  Using 
the  multiple  correlation  technique,  they  found  H and  pH  as  the  only 
variables  accounting  for  the  variation  in  the  organic  P content  of  a 
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vide  variety  of  soils.  Soil  C had  no  direct  relationship  vith  soil 
organic  P and  therefore  was  not  a limiting  factor  for  the  accumulation 
of  organic  P.  No  shortage  of  total  or  available  P for  the  microbial 
immobilization  of  P was  evident.  They  believed  that  the  variations  in 
levels  of  N and  pH  influenced  the  form  and  stability  of  organic  P. 

Hawkins  and  Kunze  (38)  conducted  similar  studies  on  four  Gruiiiusols 
from  Texas.  They  indicated  that  response  to  applied  P had  not  been 
appreciable  on  the  Victoria  and  Houston  Black  soils . They  reported 
that  these  soils  had  C/P  ratios  below  100  in  the  A horizon  and  suggested 
that  the  low  C/P  ratios  were  favorable  for  crop  use  of  the  mineralized 
organic  P.  They  found  larger  responses  to  applied  P on  the  Beaiunont 
and  Lake  Charles  soils  which  are  Grumusols,  also.  The  two  latter  soils, 
they  found,  contained  C/P  ratios  two  to  six  times  larger  than  those  for 
the  Victoria  and  Houston  Black  soils . This  meant  a proportionate 
reduction  of  organic  P which  can  undergo  mineralization.  They  suggested 
that  for  soils  low  in  total  inorganic  P,  previous  knowledge  of  the  C/P 
ratio  or  some  measure  of  the  contribution  made  by  the  organic  fraction 
would  contribute  to  soil  test  recommendations. 

Dahnke  and  co-workers  (21 ) found  less  than  500  ppm  total  P in 
some  soils  from  El  Salvador.  However,  Regosols,  Lithosols,  and  Alluvial 
soils  contained  up  to  1,100  ppm  total  P.  A great  proportion  of  this 
was  organic  and  readily  available  P.  In  Latosols  and  Grumusols  almost 
nTT  the  P was  found  as  occluded  iron  phosphate  or  in  unweathered  minerals. 
Malavolta,  et  al.  (Ly)  reported  that  the  organic  P in  soils  from  S§o 
Paulo,  Brazil,  ranged  from  82  to  1 ppm.  The  total  P ranged  from  9T8 


to  123  ppm. 
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BorneEiisza  (12 ),  in  a recent  review  of  40  papers,  indicated  that 
tenrperature,  pH  and  alternate  wetting  and  drying  affected  P mineraliza- 
tion. S^the^s  of  organic  P occurs  between  pH  5-5  to  T^5.and  is 
increased  by  wetting  and  drying.  An  increase  in  pH  enhanced  mineraliza. 


tion.  ? 

Bomemisza  (32)  explained  that  the  total  P content  or  organic 
matter  was  in5)ortant  in  mineralization.  A content  higher  than  0.2^ 
resulted  in  a rapid  mineralization,  while  at  lower  content  of  P immobi- 
lization occurred,  possibly  due  to  synthesis  of  organic  matter.  He 


* 

also  pointed  out  that  allophane  made 


the  mineralization  of  organic  P 
very  difficult  and  that  organic  P of  virgin  soils  mineralized  more 
easily  than  organic  P of  cultivated  soils.  He  indicated  that  additions 
of  N and  inorganic  P increased  the  mineralization  of  organic  P. 


Micro-organisms  and  Soil  Phosphorus 


Hardy  and  Hewitt  (37)  conducted  studies  on  the  nitrification  of 
some  representative  sugar-cane  soil  profiles  of  British  Guiana.  They 
concluded  that  the  failure  to  nitrify  more  efficiently  was  due  to  the 
absence  of  the  nitrifying  organisms.  They  considered  the  possibility 
that  the  marked  P shortage  of  these  soils  accounted  in  part  for  the 
low  nitrifying  capacity  observed;  this  was  because  soil  micro-organisms 
needed  abundant  soluble  P to  grow  and  multiply.  The  P deficiency, 
however,  was  not  considered  to  be  the  critical  factor  in  their  studies. 

Swaby  and  Sherber  (73 ) indicated  that  rhizosphere  micro-organisms 
appreciably  increased  the  availability  of  mineral  or  sorbed  P under 
certain  conditions.  They  noted  increased  microbial  effect  in  acid  sandy 
soils,  old  pastures  rich  in  micro-organisms 


and  humic  acid,  and  coarse 
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textured  soils  vhich  were  low  in  sesquioxides  tut  high  in  organic  matter 
and  sulfates.  They  concluded  that  decomposition  of  organic  P by  micro- 
bial action  increased  their  availability  to  plants  except  when  large 
amounts  of  carbonaceous  material  were  present;  in  the  latter  case,  P was 
ten5>orarily  retained  in  microbial  cells.  They  found  that  out  of  20 
organic  phosphates  tested  in  the  soil,  all  were  good  P suppliers  except 
ferric  phytate  which  was  fair  and  soil  humic  acid  which  was  poor. 

Roche  (65)  studied  the  effect  of  various  insoluble  phosphates  on 
the  micro-organisms  of  the  soil.  He  found  physiological  stimulation  by 
addition  of  phosphate  on  the  nitrogen-fixing,  nitrifying,  denitrifying, 
cellulolytic,  amylolytic  and  sulfate-reducing  microbes. 

In  P deficient  soils,  increased  responses  in  K fixation  after 
additions  of  phosphate  were  found  by  Sen,  et  al.  (68).  They  attempted 
to  find  out  if  there  was  any  relationship  between  N fixation  by  Azotobacter 
in  19  soils  from  India  and  their  contents  of  available  P as  determined 
by  three  methods.  They  found  a positive  correlation  (r  = + 0.587) 
between  N fixation  and  P extracted  with  1$  citric  acid.  The  other  two 
methods  did  not  show  any  relationship  between  P extracted  in  N fixation 
by  Azotobacter. 

Das  (22)  reported  similar  work  to  the  above  using  soil  fungi.  He 
used  18  fungi  isolated  from  a soil  of  a paddy  field  and  found  nine 
fuqgi  to  be  strong  utilizers  of  all  the  insoluble  phosphates  supplied 
to  them.  Among  them  were  Aspergillus  niger,  Penic ilium  tard-um,  and 
Sclerotium*  rolfsii.  Four  organisms  were  found  to  prefer  some  insoluble 
forms.  Three  of  these  appeared  to  be  weak  utilizers,  and  the  remaining 
two  did  not  produce  appreciable  amounts  of  dry  matter  in  any  of  the 
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media  employed.  He  pointed  out  that  these  fungi  incorporated  P from 
insoluble  sources  into  their  bodies  and  formed  organic  P corapoiands; 
upon  decooposition  of  these  conpounds  after  death  of  the  cells,  P might 
be  released  in  an  available  form  to  higher  plants.  He  stressed  that 
this  hypothesis  needed  more  study. 

Rao,  et  al.  (62)  assessed  the  efficiency  of  P solubilizing 
organisms.  They  used  phosphobacterin,  a bacterial  fertilizer  contain- 
ing Bacillus  megatherium  var.  phosphaticum  obtained  from  the  Soviet 
Union,  and  an  Indian  strain  identified  as  Bacillus  megatherixim  in 
laboratory  pot  tests  and  field  studies.  They  found  that  in  the  sterile 
series  both  phosphobacterin  and  the  Indian  strain  were  equally  effective. 
In  the  unsterilized  series,  the  Russian  strain  was  more  effective  than 
the  Indian  strain  in  solubilizing  phosphate  added  in  the  fertilizer. 
Phosphobacterin  was  better  than  the  Indian  strain  with  respect  to 
fertilizer  P uptake  by  the  plant.  A significant  increase  in  the  uptake 
of  native  phosphorus  was  not  found,  by  either  of  the  two  bacterins. 

Effect  of  Liming  on  Soil  Phosphorus 

Hardy  (34)  showed  that  highly  acid  soils  benefited  from  liming 
and  gave  a much  enhanced  P effect.  He  recommended  for  Trinidad  soils 
that  the  effect  of  high  P treatments  should  be  combined  with  high  K 
levels  on  both  unlimed  and  limed  soil.  Similar  results  of  the  effect 
of  liming  on  the  uptake  of  P by  plants  have  been  reported  by  Rai,  et  al. 
(6l).  They  suggested  that  the  P extracted  by  Bray's  solution  wets  not 
affected  by  liming.  They  found  an  increase  in  the  P concentration  of 
the  leaves  due  to  liming.  They  also  reported  yield  increases  due  to 
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liming  of  acid  soils.  The  increased  uptake  of  P hy  plants  was  further 
increased  by  the  application  of  phosphatic  fertilizers  to  the  soil. 

Awan  (4)  showed  that  after  two  year  of  cropping,  liming  enhanced 

the  mineralization  of  organic  P.  He  found  that  this  conversion  resulted 

in  a significant  increase  in  yields  of  com,  sorghum,  beans  and  green 
Of- 

manure. ^ Yuen  and  Pollard  (83)  reported  that  liming  decreased  the  uptake 
of  P and  N when  fertilizers  of  high  ammoniacal  N were  applied. 

Fractionation  of  Soil  Phosphorus 

Patel  and  Mehta  (58)  studied  the  correlation  between  P uptake  by 
plants  and  soil  P extracted  by  different  solutions.  They  obtained  a 
positive  correlation  (+  0.4829)  between  P extracted  by  0.1  W hydrochloric 
acid  and  plant  P uptake.  They  did  not  find  a significant  correlation 
between  organic  P and  available  P.  They  obtained  a significant  correla- 
tion between  absorpted  P and  soil  P extracted  by  dilute  carbonate.  A 
high  correlation  coefficient  (r  = + 0.834l)  was  obtained  in  their  work 
between  absorpted  P and  P uptake  by  sorghum  plants. 

Al-Abbas  and  Barber  (l)  reported  similar  work.  They  used  24  soils 
classed  as  Grey-Brom  Podzolic  and  Humic-Gley  soils.  The  iron  phosphate 
fraction  of  the  soil  was  more  highly  correlated  with  plant  available  P 
than  any  other  P form  in  the  soil.  They  developed  a soil  test  based 
on  the  above  findings  (2). 

Saxena  (6? ) outlined  a procedure  for  the  extraction  of  organic  P 
from  the  soil.  He  compared  his  procedure  with  several  well-knovm 
methods  and  indicated  the  advantages  of  the  proposed  method.  He  used 
a pre -extract ion  with  concentrated  hydrochloric  acid  followed  by  an 
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extraction  with  1.5  N anmonium  hydroxide  at  75C  for  two  hours  and  0.5 
N sodium  hydroxide  at  90C  for  six  hours. 

Martin  (48)  developed  a method  for  extracting  and  partially 
fractionating  soil  organic  P in  New  Zealand  soils.  The  method  consisted 
of  three  sequentiail  extractions  of  one  hour  each  at  room  terrperature 
with  0.3  M potassium  hydroxide  following  an  acid  pretreatment.  This 
method  extracted  85^  of  total  organic  P.  In  his  method  partial  fractiona- 
tion of  organic  P was  achieved  using  a strong  anion-exchange  resin 
(Dowex  1). 

In  another  paper,  I'lartin  (49)  demonstrated  that  the  method  provided 
quantitative  data  on  the  transformation  of  soil  inorganic  and  organic  P. 

Martin  (50)  also  applied  the  extraction  and  resin  fractionation 
procedures  to  a study  of  representative  soil  types  of  New  Zealand.  He 
reported  that  anailyses  from  plots  without  P and  those  with  high  P in  a 
fertilizer  triad  indicated  that  the  extraction  and  fractionation 
procedures  would  be  valuable  for  studying  the  transformation  of  fertilizer 
P into  soil  organic  P only  in  trials  of  long  duration. 

Bomemisza  (12 ) reviewed  the  existing  methods  for  determining 
organic  P and  stressed  the  existence  of  a method  for  direct  determina- 
tion of  organic  P after  absorption  by  activated  chaircoal. 


Phosphorus  Status  of  Some  Tropical  Soils 


Hardy  (36)  assessed  the  P level  of  some  British  Guiana  soils  by 
pot  tests.  He  demonstrated  that  markedly  beneficial  responses  to  P 
fertilizer  and  to  lime  application  were  found  when  materials  were 
properly  selected  and  applied.  He  also  suggested  that  the  efficient 

n 
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utilization  of  added  N fertilizer  depended  on  an  adequate  phosphate, 
calcium  and  soil  reaction  status  obtained  by  previous  treatments. 

In  a similar  study  with  some  West  Indian  soils,  Hardy  (35)  showed 
that  volcanic  soils  were  deficient  in  available  phosphate.  As  in  his 
previous  study  with  British  Guiana  soils,  he  found  a good  response  to 
generoxis  applications  of  P fertilizer  provided  that  abundant  N was 
present  in  available  form  or  added  as  fertilizer. 

lialavolta  and  associates  (h?)  have  shown  that  in  soils  of  the 
state  of  Sao  Paulo,  Brazil,  only  a small  portion  of  the  soil  P was 
available  to  plants.  He  stated  that  this  explained  the  frequent 
responses  obtained  in  the  field  to  application  of  P fertilizers. 

Awan  (4)  obtained  significant  increases  in  yields  of  corn, 
sorghum,  beans,  and  green  manure  due  to  addition  of  superphosphate. 

In  his  study  N was  added  to  a1 1 treatments. 

Daxk  Clay  Soils  of  Tropical  and  Sub-Tropical  Regions 

A summary  of  the  available  knowledge  on  dark  clay  soils  has  been 
published  recently  by  the  Food  and  Agriculture  Organization  of  the 
United  Nations  in  a monograph  edited  by  Dudal  (28).  This  monograph 
cited  the  general  characteristics,  distribution,  use,  management, 
productivity,  and  classification  of  dark  clay  soils. 

Dudal  (27 ) indicated  that  dark  clay  soils  appeared  in  the 
literature  under  different  names.  He  fo-und  40  names.  In  the  United 
States  these  soils  are  kno^-m  as  Grurausols  or  Vertisols  according  to 
the  Tth  approximation  (T2).  He  indicated  that  these  soils  occurred  in 
all  five  continents.  I*Iajor  areas  of  these  soils  occurred  in  Africa 
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and  Asia,  they  were  widespread  in  Central  and  South  America  hut  informa- 
tion on  their  distribution  in  these  areas  was  very  limited. 

According  to  D'Hoore  (25),  several  African  soils  showed  all  the 
morphological  characteristics  of  Vertisols  but  amorphous  clays  were 
dominant . 


Studies  on  Soils  From  Zamorano 

Sierra  (TO)  studied  the  Ap  horizon  of  three  soil  types  from 
Zamorano,  Honduras,  for  cation  exchange  capacity  which  ranged  from  I6 
to  21  meq/lOO  g of  soil.  He  found  the  total  soil  P was  from  210  to 
120  ppm;  organic  matter  was  from  3 to  4^;  pH  from  5*35  to  5*85;  clay 
from  20  to  29^.  He  extracted  soil  P by  eight  different  extracting 
solutions  and  used  different  lengths  of  time  and  length  of  shaker  strokes. 
For  Zamorano  soils,  the  mixture  of  0.05  N hydrochloric  acid  plus  0.025 
N sxilfuric  acid  extracted  the  most  P.  The  range  of  P extracted  was 
from  0.3  to  8.0  ppm  of  soil. 

Awan  (4)  reported  significant  increases  in  yields  of  com  and 
green  manures  due  to  liming  and  P fertilization  of  Zamorano  soils.  He 
concluded  that  liming  favored  the  conversion  of  organic  P to  inorganic 
P.  The  organic  fraction  of  P in  the  soils  studied  represented  84^  of 
the  total  P.  Other  studies  by  the  same  worker  (T ) showed  that  fertili- 
zation of  the  soil  with  muriate  of  potash  tripled  the  yield  of  potatoes. 
Wnen  P was  applied  as  triple  superphosphate,  a similar  increase  in 
yield  was  obtained.  VJhen  the  soil  was  fertilized  with  a complete 
fertilizer,  the  production  of  potatoes  went  from  6 tons/ha  of  the  check 
plot  to  32  tons/ha.  The  average  potato  yield  in  Honduras  is  2 tons/ha. 
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He  indicated  the  importance  of  using  certified  seed  and  the  control  of 
pests  for  obtaining  high  yields.  Awan  (6)  found  fertilization  vith 
muriate  of  potash  significantly  increased  the  yield  of  a hybrid  com 
suceptible  to  lodging,  but  in  another  hybrid  the  only  effect  was  a 
reduction  in  lodging. 

Mulching  increased  potato  yields  in  Zamorano,  according  to  Awan 
(5).  He  obtained  a 27^  increase  in  yield  by  applying  2.5  tons/ha  of 
Jaragua  straw  to  the  surface  of  the  soil  and  a 35^  increase  due  to  a 
mulch  of  5 tons/ha.  He  attributed  this  increase  to  a decrease  in  soil 
temperature  of  6 to  1C  caused  by  mulching. 


METHODS  AM)  PROCEDURES 


Selection  of  Soil  Sites 

Two  soils  from  the  Zamorano  valley  in  Honduras  were  chosen  for 
study.  The  valley  is  located  at  latitude  1^1°  O'  north  and  longitude 
8t°  2'  west,  22  miles  southwest  of  Tegucigalpa,  capital  city  of 
Honduras.  The  Zamorano  valley  has  a tropical  climate  with  monthly 
average  temperatures  below  24C  and  an  average  annual  rainfall  of  1, 086 
mm  falling  between  the  months  of  May  and  November.  The  average  monthly 
rainfall,  the  mean,  average  maximum  and  minimum  monthly  temperatures, 
and  the  calculated  evapotranspiration  for  the  period  1959  to  I965  are 
presented  in  Fig.  1.  The  evapotranspiration  in  millimeters  (mm)  was 
calculated  by  multiplying  the  mean  monthly  temperature  in  degrees 
centigrade  (C)  by  ^+.98.  The  method  followed  that  given  by  Holdridge 

(39). 

Two  sites,  A and  B,  were  selected.  Neither  site  had  received 
fertilizer  applications  in  the  last  20  years.  The  sites  were  located 
no  fiirther  than  100  m apart.  The  topography  of  both  sites  is  undulating 
with  a slope  of  4 to  5^  toward  the  southwest.  The  vegetation  of  site  A 
is  a permanent  pasture  composed  mainly  of  grasses  of  the  genera  Paspalum 
and  Hyparrhenia  and  small  voluntary  legumes.  Rotation  grazing  is  the 
type  of  management  practice  used  on  this  field.  Savanna  consisting  of 
Jaragua  grass  (Hyparrhenia  rufa)  and  thorn-scrub  (Prosopis  sp)  is  the 
vegetation  of  site  B.  In  this  field  burning  has  been  practiced  for  the 
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Fig.  1 - Climatic  data  for  10  years  at  Zamorano,  Honduras. 
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last  20  years.  Because  no  description  of  these  soils  was  available,  a 
study  of  their  profile,  chemical  and  physical  characteristics  was  made. 
The  methods  for  characterizing  these  soils  are  described  below.  Results 
of  this  characterization  are  discussed  later  in  the  text.  The  sites 
were  selected  so  that  soils  A and  B had  similar  morphological  character- 
istics but  were  under  different  management  practices.  The  locations  of 
sites  A and  B are  shown  in  Fig.  2. 

Methods 


Preliminary  trial 

Surface  soil  san?)les  to  a depth  of  15  cm  were  collected  from  sites 

A and  B.  The  sampling  was  done  d\iring  the  month  of  February,  1964, 

before  field  B was  b\irned. 

Three  different  pits  were  dug  on  each  site  and  the  samples 
thoroughly  mixed  into  a composite  sample.  The  soil  san^iles  were  passed 
through  a 2.0  mm  sieve  before  placed  in  bags. 

Twelve  black  plastic  bags  were  filled  with  2.4  kg  of  soil  from 
site  A and  twelve  similarly  filled  with  soil  from  site  B.  The  edges 
of  the  bags  were  rolled  down  in  such  a way  that  a distance  of  about  3>0 

cm  separated  the  surface  of  the  potted  soil  and  the  edge  of  the  bag. 

Soils  treatments  were:  0 and  100  kg  N/ha  in  the  form  of  chemically  pure 

urea,  and  0 and  80  kg  P/ha  in  the  form  of  reagent  grade  potassium 
di-hydrogen  orthophosphate.  Treatments  were  arranged  in  a 2 x 2 x 2 
factorial  randomized  block  design  with  three  replications. 

The  soil  from  each  bag  and  the  solid  salts  were  mixed  carefully. 

The  mixture  was  then  returned  to  the  bag  and  tap -water  was  added  to  bring 
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Fig.  2 - Locations  of  sites  A and  B.  A is  the  field 

under  rotation  grazing.  B is  the  field  \mder 
burning.  Sceile  1:10,000. 
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the  soil  to  nearly  field  capacity  (25^).  The  bags  were  placed  on  a 
bench.  The  soil  was  allowed  to  come  to  equilibrium  for  a week  before 
planting.  Water  was  added  every  other  day. 

On  March  24,  19^4,  20  seeds  of  sweet -sorgh\im  were  planted  in 
each  pot.  After  germination,  the  number  of  plants  was  thinned  to 
eight  plants  per  pot.  The  eight  plants  left  were  harvested  on  July  4, 
1964,  102  days  after  planting.  The  harvested  plant  material  was  dried 
at  TOC  for  24  hours  and  weighed.  These  data  were  analyzed  statistically. 

Greenhouse  study 

Millet  experiment  — During  the  month  of  July,  1964,  svirface 
soil  samples  to  depth  of  15  cm  were  collected  from  sites  A and  B,  air 
dried,  passed  through  a 2.0  mm  sieve,  and  brought  to  the  University  of 
Florida  for  greenhouse  studies  after  fumigation  with  methyl  bromide. 

A2x2x2x2  factorial  (W,  P,  K,  and  soils)  experiment  was 
conducted  from  April,  I965,  to  September,  I965. 

The  levels  of  nutrients  used  were:  0 and  100  kg  N/ha  in  the  form 
of  ammoniiua  nitrate,  0 and  200  kg  P/ha  in  the  form  of  sodium  di-hydrogen 
orthophosphate,  0 and  80  kg  K/ha  in  the  form  of  potassium  chloride. 

The  salts  used  as  sources  of  N,  P,  and  K were  mixed  with  the 
soil  as  described  for  the  preliminary  trial.  The  treated  soil  was  put 
into  green  plastic  pots.  Drainage  holes  at  the  bottom  of  the  pots  were 
sealed  both  Inside  and  outside  with  plastic  tape  to  avoid  leaching. 

Each  pot  contained  air-dry  soil  equivalent  to  2,l40  g of  oven-dry  soil 
which  filled  the  pot  up  to  two  cm  from  the  top;  5 00  ml  of  distilled 
water  were  added  to  each  pot  and  the  system  was  allowed  to  reach 
equilibrium  for  24  hours  before  the  seed  was  planted.  Fifteen  seeds 
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per  pot  of  Star  millet  were  planted  on  April  k,  I965.  Later  the  plants 
were  thinned  to  10  plants  per  pot.  Each  pot  received  25O  ml  of  water 
every  second  day.  Later,  water  was  added  as  needed  to  con5)ensate  for 
the  greater  use  hy  the  larger  plants. 

The  plants  were  clipped  twice.  The  first  clipping  was  made  32 
days  after  planting.  The  second  clipping  was  made  66  days  later.  Fresh 
and  dry  weights  of  the  plant  material  were  recorded.  Dry  weight  was 
measured  after  drying  the  material  in  the  oven  at  70C  for  2h  hours. 

After  the  second  dipping  the  pots  were  emptied  and  the  roots  separated 
from  the  soil  by  passing  the  soil  through  a 2.0  ram  sieve.  Root  samples 
were  washed  with  deionized  water  to  remove  soil  particles  and  dried  in 
the  oven  at  "JCC  for  24  hours  and  the  dry-weight  recorded.  Yield  data 
from  this  experiment  were  analyzed  statistically. 

The  pots  were  planted  again  on  August  6,  I965.  No  additional 
treatments  were  applied  this  time.  Harvest  was  made  53  days  later. 

The  dry-weight  of  the  tops  was  recorded.  The  plant  material  harvested 
from  this  planting  was  discarded  because  of  its  paucicity.  Plant 
samples  obtained  from  the  first  planting  were  saved  for  chemical 
analysis.  Soil  from  the  pots  was  sampled  in  October,  passed  through 
a 2.0  mm  sieve,  and  saved  for  chemical  analysis. 

Oats  e;<periment  --  A second  pot  test  experiment  was  carried  out 
with  soil  from  field  A.  This  soil  was  collected  in  July,  1964,  and 
was  treated  as  described  above. 

This  experiment  consisted  of  12  pots,  each  containing  an  amount 
of  soil  equivalent  to  2,000  g of  dried  soil.  The  treatments  applied  to 
the  soil  in  the  pots  were:  0,  40,  120,  240  kg  P/ha  mixed  with  the  entire 
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volume  of  the  soil,  40  kg  P/ha  mixed  with  I/3  of  the  soil  volume  and 
120  kg  P/ha  mixed  with  I/2  of  the  soil  volume.  A basal  treatment  of 
100  kg  K/ha  and  200  kg  K/ha  was  applied  to  each  pot. 

The  sources  of  W,  P,  and  K were:  ammoni'um  nitrate,  sodium  dihydrogen 

orthophosphate,  and  potassium  chloride.  A3J.  were  reagent  grade  salts. 

The  amounts  of  salt  needed  were  mixed  with  the  soil  from  each 
pot  in  the  same  manner  as  described  for  the  preliminary  trial.  Enough 
distilled  water  was  added  to  each  pot  to  bring  the  moisture  content  to 
about  25^. 

Twenty  seeds  of  oats  per  pot  were  planted  on  December  29,  I965. 
Distilled  water  was  added  every  other  day  to  bring  the  moisture  content 
of  the  soil  to  25^^  approximately.  After  germination,  the  plants  were 
thinned  to  10  plants  per  pot.  The  tops  and  roots  of  the  plants  were 
harvested  64  days  after  planting.  Roots  were  washed  and  all  plant 
material  was  dried  at  "JOC  for  24  hours.  Yields  of  oven-dry  weights  were 
recorded  from  two  replications  of  each  treatment  arranged  in  a randomized 
block  design.  Plant  material  was  saved  for  P analysis. 

Laboratory  study 

Carbon  dioxide  evolution  experiment  — The  effects  of  added  P 
and  N on  the  biological  activity  of  soil  from  field  A were  studied  in 
the  laboratory. 

The  soil  was  dried,  passed  through  a 2.0  mm  sieve  and  mixed.  An 
amount  of  air-dried  soil  equivaTent  to  200  g of  oven-dried  soil  was 
placed  into  12  Erlenmeyer  flasks  of  500  ml  capacity.  Fifty  milliliters 
of  distilled  water  were  added  to  each  flask.  A randomized  block  design 
■vri-th  two  replicates  was  used  in  this  experiment. 
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The  following  treatments  were  applied:  check,  100  kg  N/ha, 

80  kg  P/ha,  100  kg  U/ha  plus  80  kg  P/ha,  200  kg  N/ha  plus  80  kg  P/ha, 
and  100  kg  N/ha  plus  214-0  kg  P/ha. 

The  apparatus  for  determining  CO2  consisted  of  a series  of  12 
units.  Each  unit  consisted  of  an  Erlenmeyer  flask  equipped  with  a 
T-shape  connecting  glass  tube  extending  to  the  bottom  of  a 20  ml  glass 
viel  containing  0.5  N sodium  hydroxide. 

Air  from  a compressor  was  supplied  to  these  units  after  it  had 
been  passed  throu^  three  suction-flasks,  one  containing  a solution  of 
2&P  sodium  hydroxide,  the  second  containing  a solution  of  kio  boric  acid 
and  the  last  one  containing  distilled  water.  This  was  to  provide  moist 
air  free  of  CC^  and  to  the  incubating  flasks. 

This  series  of  reaction  flasks  was  placed  in  a constant  tempera- 
ture room  maintained  at  25C. 

The  liberated  CC^  was  absorbed  in  0.5  N sodium  hydroxide.  A 
solution  of  2 N barium  chloride  was  then  added  to  precipitate  the 
CO2  as  carbonate.  The  excess  sodium  hydroxide  was  titrated  with  0.1 
M hydrochloric  acid,  using  phenolphthalein  as  the  indicator.  The 
total  amount  of  CO^-C  evolved  during  the  experiment  was  calculated 
by  multiplying  the  amount  of  sodiimi  hydroxide,  in  meq,  neutralized 
by  the  CC^  evolved  by  six.  The  method  is  a modification  of  the  method 
described  by  Clement,  et  al.  (19).  These  data  were  statistically 
analyzed. 

After  16  days  of  incubation,  the  flasks  were  covered  with  Al 
foil  and  stored  in  the  refrigerator  at  kC  to  minimize  any  microbial 
acti-^ty.  Soil  from  the  flasks  was  chemically  analyzed. 
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Soil  characterization 

During  the  month  of  August,  19^5 ^ the  soils  of  sites  A and  B 
vere  characterized  in  the  field.  Three  pits  per  site  were  dug  up  to  a 
depth  of  180  cm  and  field  determinations  for  pH,  color,  texture  and 
structure  vere  made.  At  the  sarie  time,  undisturbed  core  samples  were 
collected  from  each  horizon  with  a 5 x 3*5  cm  cylinder  for  bulk  density 
measurements.  The  soil  core  sampler  yielded  a cylinder  of  soil  of 

70.38  cm3. 

Samples  obtained  from  the  different  horizons  with  a long  knife 
were  air-dried,  passed  through  a 2.0  mm  sieve,  placed  in  cloth  bags, 
and  brovight  to  the  University  of  Florida  for  chemical  and  physical 

analyses . 

Physical  Analysis 

The  samples  collected  in  the  field  were  analyzed  in  the  laboratory 
for  texture,  sticky  point,  index  of  texture,  bulk  density,  particle 
density,  and  soil  porosity  determinations. 

Determination  '9^  sand,  silt  and  clay  content  was  made  by  the 
standard  Bouyoucos  method  (l4). 

Sticky  point  was  determined  by  the  hand-kneading  process.  The 
value  coincides  approximately  with  the  field  capacity  of  a soil. 

Index  of  texture  is  believed  to  furnish  an  approximate  measure 
of  the  capillary  pore  space  or,  in  other  words,  of  the  amount  of  moist\ire 
that  can  be  held  by  the  colloidal  components  of  the  soil  (33 )• 

This  determination  involves  two  measurements:  sticky  point  moisture 
content  and  content  of  sand.  With  these  values  the  index  of  texture 
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vas  calculated  ty  subtracting  l/5  of  the  sand  content  from  the  sticky 
point  moisture  content.  For  this  determination  it  is  assvimed  that  20^ 
of  the  mass  of  the  sand  content  gives  a n^asure  of  the  quantity  of 
water  occurring  as  films  and  wedges. 

Undisturbed  core  samples  from  the  different  horizons  were  obtained 
by  driving  the  cylinder  horizonally  into  the  soil  until  it  was  filled 
with  the  soil.  The  sanpler  and  its  content  were  removed  carefully  with 
the  aid  of  a long  knife.  The  soil  extending  beyond  each  end  of  the 
cylinder  was  trimmed  flush  with  the  cylinder.  The  soil  was  then  trans- 
ferred to  a tared  dish,  dried  at  IO5C  overnight,  and  weighed.  The 
bulk  density  was  determined  by  dividing  the  oven-dried  weight  of  the 
core  sample  by  the  volume  of  the  sample. 

Particle  density  was  determined  for  each  horizon  of  a representa- 
tive soil  profile.  Approximately  10  g of  finely  ground,  oven-dried 
soil  were  placed  in  a tared  50  ml  pycnometer.  The  pycnometer  was  then 
half  filled  with  xylene,  washing  into  the  flask  any  soil  adhering  to 
the  inside  of  the  neck.  The  entrapped  air  was  removed  by  placing  the 
pycnometer  and  its  content  in  a vacuum  desiccator.  The  desiccator  was 
connected  to  a vacuum  pump  and  a partial  vacuvim  created  for  15  minutes. 

The  stopcock  of  the  desiccator  was  closed  the  pump  was  disconnected, 
and  air  was  allowed  to  move  back  into  the  desiccator  by  gradually  opening 
the  stopcock. 

The  pycnometer  was  removed  from  the  desiccator  and  filled  with 
xylene.  The  ground  glass  stopper  was  inserted  in  the  pycnometer.  The 
outside  of  the  flask  was  dried  and  cleaned  thoroughly  with  a dry  cloth. 
The  pycnometer  was  then  weighed.  A tared  flask  was  used  to  determine 


- 33  - 


the  vei^t  of  50  ml  of  the  xylene  at  room  temperature.  The  particle 
density  was  calculated  by  dividing  the  weight  of  the  dry  soil  by  the 
weight  of  the  xylene  displaced.  The  method  was  a modification  of  the 
standard  pycnometer  method  as  described  by  Blake  (ll). 

Total  porosity  was  calculated  using  the  ratio  of  bulk  density  to 
particle  density  of  the  soil  and  subtracting  this  from  unity.  Percent 
pore  space  was  obtained  by  multiplying  this  value  by  100.  The  method 
followed  the  procedure  given  by  Vomocil  (80). 

The  percent  capillary  pore  space  was  derived  by  multiplying  the 
index  of  texture  by  the  bulk  density  of  the  soil.  The  method  followed 
that  given  by  Vine  (79 )• 

The  non-capillary  pore  space  was  assessed  by  subtracting  capillary 
pore  from  total  pore  space. 

Chemical  Analysis 

Organic  C in  the  soil  was  determined  by  the  Walkely-Black 
wet-combustion  method  as  modified  by  Walkely  (8l).  One  gram  of  air-dried  ' 
soil  was  oxidized  with  potassium  dichromate  and  sulfuric  acid.  With 
orthophenanthroline  as  an  indicator,  the  excess  dichromate  was  titrated 
against  1 N ferrous  s\ilfate. 

Total  N in  the  soil  was  determined  by  the  A.O.A.C.  (3)  Kjeldahl 
method,  modified  by  adding  salicylic  acid  during  the  digestion  to  include 
nitrate-N  in  the  determination.  Ammonia  was  distilled  into  a Wjo  boric 
acid  solution  with  a mixed  Indicator  of  bromocresol  green  and  methyl 
red,  and  titrated  with  0.1  N hydrochloric  acid  solution. 

Nitrogen  in  plant  material  was  determined  by  a modified  mlcro-KJeldahl 


- 3^  - 


method  described  by  Volk-Fontein.^ 

Organic  P in  the  soil  was  determined  by  the  ignition  method  as 
described  by  Olsen  and  Dean  (56).  This  method  entailed  the  extraction 
with  concentrated  hydrochloric  acid  of  comparable  soil  samples  before 
and  after  ignition.  The  difference  in  the  inorganic  P content  of  these 
extracts  was  taJcen  as  the  organic  phosphorus  content  of  the  soil. 

Phosphorus  was  extracted  from  the  soil  by  the  Bray  and  Kurtz 
method  (15).  Phosphorus  in  the  soil  extract  was  determined  by  the 
stannous  chloride  and  chloromolybdate  procedure  given  by  Truog  (T5)* 

The  transmittancy  was  measured  in  the  Fisher  colorimeter  equipped  with 
a red-glass  filter. 

The  pH  of  the  soil  was  determined  in  2:1,  water  to  soil  suspen- 
sion after  12  hours  with  a thin  glass  electrode  and  a Beckman  Zeromatic 
pH  meter.  Enough  solid  potassium  chloride  was  added  to  the  suspension 
in  water  to  make  a 1 N salt  solution.  The  pH  was  determined  again 
after  30  minutes. 

Ten  greims  of  soil  were  extracted  with  1 N ammonium  acetate 
according  to  the  method  by  Peech,  et  al.  (60).  The  solution  was 
evaporated  to  dryness,  and  the  organic  matter  was  oxidized  with  6 N 
nitric  acid  solution  and  30^  hydrogen  peroxide  and  evaporated  to  dryness. 

The  salts  were  taken  up  and  diluted  to  100  ml  in  0.1  N hydrochloric 

acid. 

Determinations  of  K and  Na  in  the  soil  extracts  were  made  with  a 
Beckman  B Flame  Spectrophotometer  with  an  acetylene -oxygen  burner 

Unpublished  mimeographed  sheet.  Department  of  Soils,  University  of 
Florida,  Gainesville,  Florida. 
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assembly  at  wavelengths  of  TTO  and  589  mu  respectively;  the  Ca  and  Mg 
concentrations  in  these  extracts,  were  determined  with  a 303  Perkin-Elmer 
Atomic  Absorption  Spectrophotometer  at  wavelengths  of  h22.J  and  285.2 
mu,  respectively. 

One  gram  of  plant  material  was  wet  digested  by  the  method 
described  by  Ulrich,  et  al.  (?6).  Samples  were  predigested  with  a con- 
centrated nitric  acid  and  finally  digested  with  a tertiary  acid  mixture 
of  10  volumes  of  concentrated  nitric  acid,  one  volvime  of  concentrated 
sulfiiric  acid  and  four  volumes  of  a 60/0  perchloric  acid  until  all  of  the 
perchloric  acid  had  been  volatilized  leaving  only  a salt  residue  in 
the  small  volume  of  sulfuric  acid.  The  final  residue  was  tahen  up  and 
diluted  to  100  ml  in  water.  One  milliliter  of  this  solution  was  taken 
for  P determination  by  the  stannous  chloride  and  chloromolybdate  procedure 
given  by  Truog  (75).  The  transmittancy  was  measured  in  the  Fisher 
colorimeter  equipped  with  a red-glass  filter. 

Statistical  Analysis 

The  data  from  each  of  the  four  experiments  were  analyzed  statistically 
by  the  method  outlined  by  LeClerg,  et  al.  (46). 


RESUI/rS  AND  DISCUSSION 


Preliminary  Experiment 

This  experiment  vas  carried  out  at  Zeimorano  with  soils  from 
sites  A and  B.  The  soils  under  study  show  the  morphological  character- 
istics of  Vertisols,  hut  the  exchange  capacity  is  less  than  30  meq/lOO 
g of  soil  as  required  by  the  Soil  Svirvey  Staff  (T2).  Dudal  (27)  includes 
similar  soils  under  the  name  of  dark  clay  soils  of  tropical  and  sub-tropical 
regions.  Profile  descriptions,  physical  and  chemical  properties  of 
these  soils  are  given  in  Appendix  Tables  I6,  IT  and  18,  respectively. 

The  study  of  these  tables  reveals  that  the  top  40  to  50  cm  layer  of 
these  soils  is  low  in  total  N and  extractable  P,is  relatively  high  in 
organic  C and  has  high  C/N  and  C/P  ratios.  Sorghvun  was  used  as  the 
Indicator  plant.  The  yields  of  dry  sorghum  forage  obtained  in  response 
to  the  applied  treatments  are  shown  in  Table  1.  The  statistical 
analysis  of  these  data  indicated  that  the  NP  interaction  was  significant 
at  the  5^  level  (Appendix  Table  I9).  In  this  experiment  interaction 
means  the  effect  of  N as  conditioned  by  the  presence  of  P.  It  also 
means  that  the  effects  of  N and  P are  not  additive.  Snedecor  (71) 

Indicated  that  in  the  presence  of  interaction,  it  is  rarely  useful  to 
ask  about  the  main  effect  of  the  factors  involved. 

The  totals  for  soils  can  be  combined  for  a study  of  the  significant 
NP  interaction  because  no  evident  effect  of  soil  either  in  the  main 
effect  or  interaction  was  shown  by  the  statistical  analysis.  The 
combined  totals  are  given  in  the  last  column  of  Table  1.  These  values, 
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Table  1 - Yield  of  dry  sorghum  forage  as  influenced 
by  N and  P fertilization  of  tvo  Zamorano  soils 


Fertilizer  applied 

Soils 

Replications 

Total. 

Combined 

total 

N 

P 

1 

2 

3 

kg/ha 

g/pot 

g 

g 

0 

0 

A 

1.6 

1.4 

1.0 

4.0 

0 

0 

B 

O.T 

0.5 

1.1 

2.3 

6.3 

0 

80 

A 

3.2 

11.6 

1.9 

16.7 

0 

80 

B 

lf.4 

2.5 

2.5 

9.4 

26.1 

200 

0 

A 

0.1 

1.1 

0.6 

1.8 

200 

0 

B 

0.1 

0.2 

0.6 

0.9 

2.7 

200 

80 

A 

15.0 

7.6 

9.2 

31.8 

200 

80 

B 

20.4 

9.1 

8.8 

38.3 

70.1 
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calciilated  on  per  pot  basis,  are  rearranged  in  Table  2.  In  this  table 
the  effects  of  N vith  and  without  P on  yield  of  dry  sorghum  are  shown. 
The  difference  in  yields  between  the  hi^  and  low  level  of  N in  the 
absence  of  P was  -0.6  g/pot;  this  was  a depressing  effect  on  the  yield 
of  dry  matter  due  to  N application.  However,  the  yield  difference 
between  the  high  and  low  level  of  N when  P was  added  along  with  N was 
T.3  g/pot.  This  means  that  N application  increased  the  yield  of  sorghum 
in  the  presence  of  added  P.  The  difference  between  T»3  and  -0.6  g/pot 
was  7.9  g/pot  and  measured  the  interaction  between  N and  P.  Therefore, 
it  can  be  stated  that  in  this  experiment  there  was  no  single  effect  of 
N;  instead  there  were  two  separate  effects,  one  without  P and  another 
with  P.  It  is  also  evident  that  there  was  no  single  effect  of  P; 
therefore,  the  main  effect  lost  its  meaning  and  more  attention  could 
be  given  to  the  interaction. 

From  Fig.  3,  it  is  evident  that  applications  of  P alone  increased 
yields  from  1.3  to  5.6  g or  dry  matter/pot  in  the  case  of  soil  A and 
from  0.8  to  3.I  in  the  case  of  soil  B. 

In  the  presence  of  W,  the  yields  obtained  due  to  P applications 
increased  from  0.6  to  10.6  g of  dry  matter/pot  for  soil  B. 

To  study  this  interaction,  several  additional  experiments  were 
conducted. 

Greenhouse  Experiment  With  Millet 

Dry  matter 

The  yields  of  dry  matter  obtained  on  soils  A and  B as  a response 
to  the  different  treatments  are  shown  in  Table  3- 
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Table  2 - The  effect  of  N and  P applications  on 
the  yield  of  dry  sorghum®' 


Applied  P 

0 

Applied  N 
kg/ha 

200 

Difference 

kg/ha 

— g/pot  — - 

0 

1.1 

0.5 

-0.6 

80 

4.4 

11.  T 

T.3** 

Difference 

3.3 

11.2** 

1.9* 

^Average  of  3 values  and  2 soils. 
*Signif leant  at  the  5^  level. 
■^^Signif leant  at  the  1^  level. 


Dry  Matter,  g/pot 
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Fig.  3 “ Yields  of  dry  sorghiira  forage,  as  influenced 
by  N and  P applications. 
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Table  3 - Dry  weight  yield  of  millet  plants  as  influenced 
by  N,  P and  K fertilization  of  two  Zamorano  soils 


Fertilizer  applied 

Soils 

Replications 

Total 

Combined 

total 

N 

p 

K 

1 

2 

3 

kgAa 

g/pot 

g 

g 

0 

0 

0 

A 

8.6 

8.6 

8.7 

25.9 

0 

0 

0 

B 

11.8 

T.9 

4.3 

24.0 

49.9 

0 

0 

80 

A 

2.6 

5.6 

4.3 

12.5 

0 

0 

80 

B 

5.9 

6.7 

5.7 

18.3 

30.8 

0 

200 

0 

A 

22.9 

26.9 

25.9 

75.7 

0 

200 

0 

B 

27.6 

25.5 

25.4 

78.5 

154.2 

0 

200 

80 

A 

25.3 

26.3 

31.8 

83.4 

0 

200 

80 

B 

23.9 

30.2 

26.7 

80.8 

164.2 

100 

0 

0 

A 

2.8 

3.6 

3.3 

9.T 

100 

0 

0 

B 

4.3 

5.T 

2.2 

12.2 

21.9 

100 

0 

80 

A 

3.3 

2.9 

4.1 

10.3 

100 

0 

80 

B 

2.T 

4.8 

3.2 

10.7 

21.0 

100 

200 

0 

A 

27. 5 

29.9 

27.5 

84.9 

164.6 

100 

200 

0 

B 

23.8 

32.0 

23.9 

79. T 

100 

200 

80 

A 

28.2 

25.0 

27.9 

81.1 

100 

200 

8o 

B 

25.0 

28.0 

26.4 

79.4 

160.5 

The  statistical  aneilysis  of  the  data  shoved  that  the  HP  interaction 
vas  highly  significant  and  that  the  KPK  interaction  vas  significant  at 
the  5^  level  (Appendix  Table  20 ).  No  evident  effect  of  the  soils  either 
in  the  main  effect  or  interaction  vas  detected.  This  varranted  the 
combination  of  the  totals  for  soils  A and  B.  These  combined  totals  are 
given  in  the  last  column  of  Table  3* 

Because  there  vas  an  effect  of  K in  the  significant  KPK  interaction, 
the  combined  totals  of  Table  3,  calculated  on  per  pot  basis,  vere 
grouped  according  to  amount  of  K added  to  the  soil  (Taole  4). 

The  effect  of  K on  the  yield  of  millet  plants  in  soils  not  treated 
vith  K vas  -4.6  g/pot  in  the  absence  of  P and  l.T  g/pot  in  the  presence 
of  P.  The  difference  betveen  1.7  and  -4.6  g/pot  vas  -5.3  g/pot  and 
represented  a measure  of  the  WP  interaction.  In  the  presence  of  added  K, 
the  effect  of  N in  the  presence  and  absence  of  added  P vere  -1.6  and 
-O.5  g/pot  the  KP  interaction  in  this  case  vas  1.1  g/pot. 

The  third  degree  interaction  NPK  vas  measured  by  the  difference 
betveen  1.1  and  -6.3  g/pot. 

It  is  evident  from  the  data  of  Table  4 that  the  NP  interaction 
vas  more  pronounced  vhen  K vas  not  added  to  the  soil. 

The  UP  interaction  in  the  absence  of  added  K,  that  is,  the 
effect  of  N as  conditioned  by  the  addition  of  P,  is  shovn  in  Fig.  4. 

The  yield  increase  due  to  N in  the  presence  of  P vas  greater  than  that 
due  to  N in  the  absence  of  P.  When  N alone  vas  added,  a decrease  in 
yields  vas  observed.  Hovever,  the  application  of  N and  P together 
resulted  in  a yield  increase. 
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Table  4 - The  effect  of  K,  P,  and  K applications  on  the 
yield  of  millet  plants^ 


Applied 

Applied  N 

Difference 
for  added 
N 

P 

K 

kg/ha 

0 100 

kg/ha 

g/pot 

Without  K 

0 

0 

8.3 

3.7 

-4.6* 

200 

0 

25. T 

27.4 

1.7 

Difference 

17.4** 

23.7** 

-6.3** 

With  K 

0 

80 

5.1 

3.5 

-1.6 

200 

80 

27.3 

26.8 

-0.5 

Difference 

22.2** 

23.3** 

1.1** 

^ Average  of  2 values  and  2 soils. 

* , 

Significant  at  the  5?  level. 


Significant  at  the  1^  level. 


Dry  Matter,  g/pot 
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Fig.  4 - Yields  of  dry  millet  plants,  as  influenced 
by  N and  P applications. 
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nitrogen  uptalte 

The  total  uptal:e  of  N hy  millet  as  affected  by  the  treatments  is 
given  in  Table  5.  The  last  colximn  of  this  table  is  the  combined  total 
of  the  two  levels  of  K for  each  treatment  combination.  This  was  done 
because  no  K effect  was  evident  either  in  the  main  effect  or  interaction. 
Each  combined  total  divided  by  six  was  entered  in  Table  6 to  study  the 
highly  significant  HP  interaction  (Appendix  Table  21). 

The  study  of  Table  6 shows  that  the  K uptake  by  millet  on  soil 
A increased  by  3.4  mg/pot  due  to  the  addition  of  N.  However,  the  N 
uptake  increased  by  TT.5  mg/pot  when  K and  P were  added  together.  The 
difference  between  these  two  effects,  T4.1  mg/pot,  measured  the  HP  inter- 
action for  soil  A.  For  soil  B,  the  interaction  between  M and  P was 
found  to  be  77.5  mg/pot.  The  difference  between  the  interaction  in 
soil  A and  B was  not  significant.  This  indicates  that  the  HP  inter- 
action in  both  soils  was  very  much  the  same. 

The  H uptake  from  soil  B was  in  every  case  higher  than  that  from 
soil  A.  For  instance,  the  H uptake  for  untreated  soil  A was  I36.7 
mg/pot,  while  for  untreated  soil  B the  N uptake  was  164.5  mg/pot.  The 
difference  in  H uptake  due  to  soil  was  highly  significant.  The  K 
uptake  was  influenced  more  strongly  by  the  addition  of  P than  by  the 
addition  of  H.  This  indicates  that  in  the  soils  \inder  study  P was  more 
limiting  than  H. 

The  average  total  uptake  of  H by  millet  for  four  treatments  is 
shown  in  Fig.  5.  The  interaction  between  H and  P is  illustrated. 
Additions  of  H alone  to  both  soils  decreased  the  H uptake  by  plants. 
However,  additions  of  H plus  P resulted  in  an  increase  of  N uptake  by 
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Table  5 - Uptalce  of  N by  millet  as  influenced  by  N,  P 
and  K fertilization  of  two  Zamorano  soils 


Fertilizer  applied  Replications Total  Combined 


N 

p 

K 

Soils 

1 

2 

3 

total 

kg/ba 

N uptake,  mg/pot 

rag 

mg 

0 

0 

0 

A 

139.2 

149.7 

144.8 

433.  T 

820.4 

0 

0 

80 

A 

116.3 

139.0 

131.4 

386.7 

0 

200 

0 

A 

1T0.9 

165.0 

180.0 

515.9 

0 

200 

80 

A 

168.6 

■ 183.1 

165.  T 

517.4 

1,033.3 

100 

0 

0 

A 

12T.2 

143.6 

131.8 

402.6 

841.1 

100 

0 

8o 

A 

142.0 

128.2 

168.3 

438.5 

100 

200 

0 

A 

237.8 

290.8 

235.7 

764.3 

100 

200 

80 

A 

239.2 

244.6 

252.9 

736.7 

1,501.0 

0 

0 

0 

B 

226.6 

164.4 

132.8 

523.8 

0 

0 

80 

B 

142.7 

161.8 

158.9 

463.4 

987.2 

0 

200 

0 

B 

206.4 

204.2 

214.0 

624.6 

1,260.3 

0 

200 

80 

B 

205.5 

231.1 

199.1 

635. T 

100 

0 

0 

B 

171.1 

213.7 

105.3 

490.1 

100 

0 

80 

B 

129.3 

176.9 

127.1 

433.3 

923.4 

100 

200 

0 

B 

265.9 

310.9 

283.8 

860.6 

1,661.3 

100 

200 

80 

B 

264.7 

297.9 

238.1 

800.7 

Table  6 - The  effect  of  N and  P applications  on  the 
uptake  of  N by  millet^ 


Applied  P Applied  N Difference 

kg/ha 


0 

200 

kg/ha 

N uptake^ 

mg/pot 

Soil  A 

0 

136.8 

140.2 

3.4 

200 

172.6 

250.2 

77.6^ 

Difference 

35.8* 

110.0^ 

74.2** 

Soil 

B 

0 

l6ii.5 

153.9 

-10.6 

200 

210.0 

276.9 

66.9** 

Difference 

123.0** 

77.5** 

^■Average  of  3 values  and  2 levels  of  K* 
"^Significant  at  the  5^  level. 
Significant  at  the  level. 


Uptake  of  N,  mg/pot 
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Fig.  5 - Uptake  of  N "by  millet,  as  influenced 
by  W and  P applications. 
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millet.  Where  only  P vas  applied,  N uptake  increased,  but  this 
increase  vas  significantly  greater  when  N was  added  together  with  P. 

Phosphorus  uptake 

Total  P uptake  by  millet  for  the  treatments  are  shown  in  Table  T. 
Statistical  analysis  of  these  data  showed  that  the  uptake  of  P responded 
to  the  amount  of  P applied  and  to  the  soils.  Because  the  soil  and  P 
effects  were  found  to  be  significant  and  highly  significant,  respectively, 
the  data  of  Table  7 were  summarized  and  entered  in  Table  8 for  study. 

For  both  soils  A and  B,  the  addition  of  N alone  decreased  the  uptake 
of  P by  millet.  These  effects  were  -1.3  and  -1.7  mg  of  P/pot  and  were 
not  statistically  significant.  However,  they  suggested  the  possibility 
of  a drop  in  available  P for  the  plants  caused  by  the  application  of  N. 
When  K and  P were  added  together,  the  phenomenon  mentioned  above  did 
not  occur. 

In  both  soils  A and  B,  the  addition  of  P enhanced  the  P uptake 
by  plants  equally  in  the  presence  or  absence  of  added  K.  In  other 
words,  no  significant  HP  interaction  was  evident. 

Soil  B provided  the  plants  with  more  P than  soil  A.  For  exan5)le, 
the  uptake  of  P from  untreated  soil  B was  0.7  mg/pot  higher  than  that 
of  untreated  soil  A.  In  every  case  the  P uptake  by  millet  from  soil  B 
exceeded  that  from  soil  A.  This  indicated  that  soil  B had  a significantly 
higher  content  of  available  P than  soil  A. 

The  absence  of  HP  interaction  is  illustrated  by  Fig.  6.  The 
average  total  uptake  of  P by  millet  for  eight  treatments  is  shown  in 
this  figure.  As  pictured  in  the  graph,  P uptake  was  significantly 
affected  only  by  the  addition  of  P fertilizer  to  the  soil. 
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Table  7 - Uptake  of  P by  millet  as  influenced  by  N,  P, 
and  K fertilization  of  two  Zamorano  soils 


Replications 


Total 


Combined 


N 

p 

K 

Soils 

1 

2 

3 

total 

kg/ba 

P uptake,  mg/pot 

mg 

mg 

0 

0 

0 

A 

^.3 

h.o 

3.1 

11.4 

0 

0 

80 

A 

1.2 

2.5 

1.7 

5.4 

16.8 

0 

200 

0 

A 

68.7 

78.0 

72.3 

219.0 

0 

200 

80 

A 

8o.l 

79.8 

65.2 

225.1 

444.1 

100 

0 

0 

A 

1.3 

1.6 

1.7 

4.6 

8.9 

100 

0 

8o 

A 

1.5 

1.2 

1.6 

4.3 

100 

200 

0 

A 

71.6 

81.5 

71.8 

224.9 

100 

200 

80 

A 

75.0 

71.3 

82.4 

228.7 

453.6 

0 

0 

0 

B 

5.6 

3.1 

2.3 

11.0 

0 

0 

80 

B 

3.2 

3.4 

3.2 

9.8 

20.8 

0 

200 

0 

B 

78.7 

73.4 

77.3 

229.4 

0 

200 

8o 

B 

8o.l 

79.8 

65.2 

225.1 

454.5 

100 

0 

0 

B 

2.5 

2.3 

1.1 

5.9 

100 

0 

80 

B 

1.0 

2.5 

1.6 

5.1 

11.0 

100 

200 

0 

B 

79.0 

85.0 

73.7 

237. T 

100 

200 

80 

B 

70.2 

84.1 

87.5 

241.8 

479.5 
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Table  8 - The  effect  of  K and  P applications  on  the 
uptake  of  P by  millet^ 


Applied  P 

Applied  N 

Difference 

kg/ha 

0 

100 

kg/ha 

P uptake, 

mg/pot 

Soil 

A 

0 

2.8 

1.5 

-1.3 

200 

T^J-.o 

75.6 

1.6 

Difference 

71.2^ 

7k. 1** 

2.9 

Soil  B 

0 

3.5 

1.8 

-1.7 

200 

75.8 

79.9 

k.l 

Difference 

72 . 3«<- 

78.1** 

5.8 

^Average  of  3 values  and  2 levels  of  K. 
Significant  at  the  1$  level. 


Uptake  of  P,  rag/pot 
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Fig.  6 - Uptake  of  P by  millet,  as  influenced 
by  N and  P applications. 
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Organic  and  inorganic  phosphorus  content  of  the  soil 

The  organic  and  inorganic  P contents  of  the  soil  were  measured 
at  the  end  of  the  experiment.  The  results  of  organic  P for  each  treat- 
ment are  given  in  Table  9.  Because  of  the  significant  NPK  interaction, 
(Appendix  Table  23)  data  in  Table  9 were  entered  in  Table  10  for  study. 
Addition  of  N to  soil  A in  the  absence  of  K increased  the  organic  P 
level  of  the  soil.  The  organic  P increased  by  l4  ppm  due  to  the  addi- 
tion of  N (Table  10 ).  The  same  increase  was  obtained  for  the  H treat- 
ment of  soil  A vith  K.  However,  when  N and  P were  added  together,  the 
organic  P decreased  by  26  ppm.  This  means  that  the  effect  of  N and  P, 
when  added  together,  was  significantly  modified  by  the  addition  of  K. 

In  soil  B the  organic  P increased  with  the  addition  of  N and  P. 
However,  the  treatment  consisting  of  N alone  failed  to  increase  the 
soil  organic  P.  The  reason  for  this  departure  from  the  trend  found 
for  soil  A was  not  determined  from  the  data  available  on  this  soil. 

The  addition  of  K increased , the  organic  P on  the  N treated  soil 
by  22  ppm.  However,  this  increase  was  only  2 ppm  when  N and  P were 
added  together.  This  indicated  that  there  are  two  different  effect  of 
K,  one  in  the  absence  of  P and  another  in  the  presence  of  P. 

From  Table  10,  it  is  evident  that  with  the  exception  of  the  MPK 
treatment  of  soil  A and  the  K treatment  of  soil  B,  the  soil  organic  P 
increased  due  to  the  application  of  N.  The  effects  of  N and  P fertiliza- 
tion on  the  soil  organic  P are  shown  in  Fig.  7*  Organic  P in  soil  A 
increased  significantly  due  to  the  addition  of  N.  Similar  increase  was 
found  in  soil  B except  for  the  treatment  consisting  of  N alone. 

The  results  of  the  applied  treatments  on  the  inorganic  P content 
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Table  9 - Organic  P content  in  tvo  soils  from  Zamorano 
as  influenced  by  N,  P,  and  K fertilization 


Fertilizer  applied  Replications Total 


N 

p 

K 

Soils 

1 

2 

3 

kg/ha 

P,  ppm 

0 

0 

0 

A 

83 

73 

78 

234 

0 

0 

80 

A 

115 

102 

73 

290 

0 

200 

0 

A 

96 

92 

93 

281 

0 

200 

8o 

A 

lo6 

125 

121 

352 

100 

0 

0 

A 

lol 

97 

73 

274 

100 

0 

8o 

A 

lo6 

117 

109 

332 

100 

200 

0 

A 

103 

118 

101 

322 

100 

200 

80 

A 

101 

102 

73 

276 

0 

0 

0 

B 

111 

102 

9k 

307 

0 

0 

80 

B 

122 

128 

68 

318 

0 

200 

0 

B 

lOk 

122 

89 

315 

0 

200 

8o 

B 

IIT 

127 

■ 85 

329 

100 

0 

0 

B 

110 

103 

94 

307 

100 

0 

8o 

B 

156 

120 

110 

386 

100 

200 

0 

B 

123 

153 

120 

396 

100 

200 

80 

B 

119 

123 

94 

336 
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Table  10  - The  effect  of  K,  and  K applications  on 
the  soil  organic  P content^ 


Applied 

Applied  N 

Difference 

P 

K 

kg/ha 

0 100 

kg/ha 

ppm 

Soil  A without  K 

0 

0 

T8 

92 

14 

200 

0 

94 

108 

14 

Difference 

l6 

16 

0 

Soil  A with  K 

0 

8o 

96 

110 

14 

200 

80 

118 

92 

-26* 

Difference 

22 

-18 

-4o 

Soil  B without  K 

0 

0 

102 

102 

0 

200 

0 

106 

132 

26* 

Difference 

h 

30 

26 

Soil  ] 

3 with  K 

0 

8o 

106 

128 

22 

200 

80 

110 

112 

2 

Difference 

h 

-16 

-20 

^Average  of  3 values . 
*Significant  at  the  5^  level. 


l4o 

130 

120 

110 

100 

90 

80 

70 

0 
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Applied  P 


0 — 

G 

Soil  A 

None 

0-- 

— ■© 

Soil  B 

None 

A — 

A 

Soil  A 

200  kg/ha  of  P 

A-- 

__A 

Soil  B 

200  kg/ha  of  P 

A 


100 


Applied  M,  kg/ha 


. 7 “ Changes  in  organic  soil  P,  as  influenced 
by  N and  P applications. 
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in  the  soil  are  given  in  Table  11.  The  effects  of  N,  P,  and  K on  soil 
organic  P are  given  in  Table  12.  The  study  of  this  table  revealed  that 
in  the  absence  of  added  P,  the  addition  of  N decreased  the  inorganic  P 
of  the  soil.  However,  the  effect  of  N was  different  in  the  presence 
of  both  P and  K.  For  instance,  in  Soil  A with  K,  the  addition  of  N 
and  P together,  increased  the  soil  inorganic  P.  The  sajne  effect  was 
also  observed  in  soil  B treated  with  K. 

The  significant  decrease  in  inorganic  P as  a result  of  N applica- 
tion is  shown  in  Fig.  8. 

The  KP  interaction  as  reflected  by  yields  of  dry  matter  of  millet 
was  due  to  the  decrease  of  soil  inorganic  P caused  by  the  application 
of  N as  shown  in  Table  12  and  Fig.  8.  This  decrease  of  inorganic  P 
was  caused  by  corresponding  conversion  to  organic  P.  It  is  shown  in 
Table  10  and  Fig.  7 that  organic  P increased  due  to  N application. 

Upon  addition  of  N,  soil  microbes  which  have  high  P demand  for  their 
metabolism  can  incorporate  some  of  the  inorganic  P and  metabolically 
convert  this  to  organic  P.  The  inorganic  P converted  to  organic  P 
included  much  of  the  available  P.  This  is  suggested  by  data  in  Table  8. 
These  data  showed  that  the  uptake  of  P by  millet  plants  was  decreased 
by  the  addition  of  N alone.  Therefore,  the  plants  experienced  a severe 
P deficiency  which  resulted  in  poor  vegetative  growth. 

Thus,  the  KP  interaction  in  both  soils  from  Honduras  was  probably 
from  microbial  activity.  The  utilization  of  soil  inorganic  P by  soil 
micro-organisms  was  well  docvimented  from  previous  work  by  Hardy  and 
Hewitt  (3l)>  Swaby  and  Sherber  (73)^  Roche  (65),  Sen,  et  al.  (68), 

Das  (22)  and  Rao,  et  al.  (62). 
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Table  11  - Inorganic  P content  in  two  soils  from 

Zamorano  as  influenced  by  N,  P,  and  K fertilization 


Fertilizer  applied  Replications  Total 


w 

p 

K 

Soils 

1 

2 

3 

kg/ha 

P,  ppm 

0 

0 

0 

A 

k9 

52 

4T 

148 

0 

0 

80 

A 

42 

39 

39 

120 

0 

200 

0 

A 

89 

96 

100 

285 

0 

200 

8o 

A 

T8 

TO 

TO 

218 

100 

0 

0 

A 

38 

44 

4t 

129 

100 

0 

80 

A 

26 

31 

26 

83 

100 

200 

0 

A 

TT 

88 

94 

259 

100 

200 

8o 

A 

T8 

89 

83 

250 

0 

0 

0 

B 

68 

TO 

63 

201 

0 

0 

80 

B 

52 

63 

80 

195 

0 

200 

0 

B 

lOl^ 

no 

115 

329 

0 

200 

8o 

B 

94 

83 

109 

286 

100 

0 

0 

B 

59 

TO 

62 

191 

100 

0 

80 

B 

54 

52 

62 

168 

100 

200 

0 

B 

96 

no 

109 

315 

100 

200 

80 

B 

98 

96 

102 

296 
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Table  12 
the 

- The  effeet  of  N,  P 
soil  Inorganle  P^ 

, and  K applleatlons 

on 

Applied 

Applied  N 

Dlfferenee 

P K 

kg/ha 

0 

100 

kg/ha 

P,  ppm 

Soil  A without  K 

0 0 

50 

41+ 

- 6** 

200  0 

96 

86 

-105«^ 

Dlfferenee 

1^5** 

42** 

_ 4** 

Soil  A with  K 

o 

CO 

o 

ko 

28 

-12** 

200  80 

72 

84 

12*x- 

Dlfferenee 

32** 

56^ 

24*5fr 

Soil  B without  K 

0 0 

68 

64 

- 4* 

200  0 

110 

106 

- 4* 

Dlfferenee 

38* 

38* 

0 

Soil  B with  K 

o 

CO 

o 

66 

56 

-ic^ 

200  80 

96 

98 

2 

Dlfferenee 

30^ 

42* 

12** 

^Average  of  3 values . 

*Signif leant  at  the  5^  level . 
**Signif leant  at  the  1$  level. 


Inorganic  Soil  P,  ppm 
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Fig.  8 - Changes  in  inorganic  soil  P,  as 

influenced  by  N and  P applications. 
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Carbon  Dioxide  Evolution  Experiment 

This  experiment  was  designed  to  provide  more  information  on  the 
conversion  of  soil  inorganic  P to  organic  P. 

It  was  assumed  that  the  activity  of  the  microbial  population  that 
had  become  reestablished  after  methyl. bromide  fumigation  was  not  signif- 
icantly different  from  that  of  the  pretreated  soil. 

Effect  of  nitrogen  application  on  soil  organic  phosphorus  and  carbon 
dioxide  production 

The  level  of  organic  P as  related  to  each  N application  is 
indicated  in  Fig.  9a  and  Table  13.  There  were  no  significant  differ- 
ences in  soil  organic  P content  due  to  treatments. 

The  average  CO2  production  decreased  significantly  in  response 
to  N application.  From  the  data  it  may  be  inferred  that  K applications 
at  these  rates  did  not  enhance  microbial  activity  in  the  soil  under 
study. 

Effect  of  phosphorus  application  on  soil  organic  phosphorus  and  carbon 
dioxide  production 

Significant  differences  in  soil  organic  P were  not  found  at  the 
rates  of  P applied  (Fig.  9a). 

Production  of  CC^  increased  significantly  with  addition  of  P 
(Table  I3).  This  indicated  that  P deficiency  was  the  factor  which 
limited  organic  P mineraJ-ization  in  the  soil. 

Organic  matter  mineralization  was  not  enhanced  by  applied  N in 
the  absence  of  suitable  amounts  of  P (Table  13  and  Fig.  9a).  For 
example,  the  average  CCg-C  production  for  the  check  and  where  the  N 
applied  was  at  the  rate  of  100  kg/ha  was  72.30  and  7^.50  mg,  respectively. 
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Table  13  - Tbe  mean  effect  of  N and  P applications  on  COg 
production  and  organic  P content  of  a soil  from 
Zamorano 


Fertilizer  applied 
K P 

CO2  evolved* 

Soil  organic  P 

kg/ha 

CO^-C,  rng/200  g of  soil 

P,  ppm 

100 

240 

79.22  a 

67.8 

0 

80 

78.61  ab 

81.2 

200 

8o 

75.40  b 

75.0 

100 

80 

74.71  c . 

92.5 

100 

0 

74.50  c 

77.5 

0 

0 

72.30  c 

85.0 

Values  not  followed  by  the  same  letter  are  significantly  different  at 
the  5^  level. 


Organic  P,  ppm  Organic  P,  ppm 
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a 


78 


7^ 


TO 


b 


Fig.  9 - The  effect  of  N and  P applications  on 
soil  organic  P and  production  of  CO2. 


, mg/200  g of  soil  CO2-C,  mg/200  g of  soil 
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The  difference  between  these  two  values  was  not  statistically  significant. 
However,  the  difference  between  the  check  and  the  P treatment  was  sig- 
nificant at  the  5^  level  (Table  13 ). 

Although  the  changes  of  soil  organic  P caused  by  P application 
in  the  presence  of  N were  not  significant,  there  was  an  indication  of 
an  increase  in  the  soil  organic  P where  fertilizer  P was  applied  at 
the  rate  of  80  kg/ha  (Fig.  9b).  This  increase  was  not  observed  where 
P was  applied  at  2k-0  kg/ha.  Sengupta  and  Cornfield  (69)  indicated 
that  at  higher  levels  of  soluble  P in  the  soil,  mineralized  P is  not 
reassimilated  by  the  micro-organisms  to  the  same  extent  as  at  lower  P 
levels.  When  high  P availability  exists,  the  mineralization  of  organic 
P is  increased  and  results  in  a decrease  in  soil  organic  P.  Conversely, 
at  low  P availability,  mineralized  P and  available  P are  converted  to 
organic  P by  microbial  metabolism. 

Effects  of  Rate  and  Placement  of  Fertilizer  Phosphorus 
on  Dry  Matter  Yield  and  Nutrient  Uptake 
of  Oats  Grown  on  Soil  A 

Data  discussed  in  previous  sections  showed  that  N and  P applica- 
tions to  the  soils  under  study  were  necessary  to  obtain  maximum  millet 
yields. 

This  experiment  was  designed  to  test  the  effect  of  several  rates 
and  placement  patterns  of  P application  on  yield  and  nutrient  uptake 
of  oats  grown  on  Zamorano  soil  A.  The  applied  N was  fully  incorporated 
at  the  rate  of  100  kg/ha  vmiformly  for  each  P treatment. 

The  P uptake  by  oats  from  banded  and  fully  incorporated  P applica- 
tion was  compared  with  theoretical  considerations  proposed  by  DeWit  (2^4-). 
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The  detailed  data  for  this  experiment  are  given  in  Appendix 
Tables  29  and  30.  The  mean  yield  of  dry  matter  and  mean  P uptake  for 
each  treatment  are  shown  in  Table  l4. 

Statistical  analyses  of  the  P uptake  are  shown  in  Table  l4  and 
Appendix  Table  31«  These  indicated  that  highly  significant  differences 
existed  among  treatments. 

The  relationships  between  yield  of  dry  matter,  P uptake,  and  rate 
of  P fertilization  are  presented  in  Fig.  10.  The  P response  as  indicated 
by  the  yield  of  dry  matter  is  obvious  from  the  graph.  Yields  of  dry 
matter  for  the  P applied  at  40,  120  and  2k0  kg/ha  treatments  were  aljmost 
triple  the  yield  obtained  without  P addition.  Rates  of  P application 
higher  than  40  kg/ha  did  not  result  in  higher  yields.  However,  the  P 
uptake  by  oats  increased  with  increasing  rates  of  P application  (Fig.  lO). 

Theoretical  evaluation  of  phosphorus  placement 

The  compensation  function  of  DeWit  (2i+-)  was  used  since  the  concen- 
tration of  fertilizer  in  the  banded  and  fully  incorporated  patterns 
were  the  same.  DeWit  (24)  also  indicated  that  the  compensation  function 
was  valid  only  when  a relatively  small  part  of  the  fertilizer  (less  than 
3C^)  was  recovered  by  the  plants.  He  derived  a correction  factor  for 
the  high  recovery  percentage  effects  on  the  Ur/Ub  value.  Ur  represented 
the  uptake  from  the  banded  fertilizer  and  Ub  represented  uptake  from 
the  fully  incorporated  fertilizer. 

In  the  present  study,  four  treatments  given  in  Table  l4  qualified 
as  conditions  applicable  to  the  compensation  function.  For  these 
treatments,  the  P recoveries  in  plant  tissue  were  44,  49,  36  and  25^, 
respectively.  Therefore,  consideration  was  given  to  relatively  high 


Table  l4  - The  effect  of  P application  on  yield  and  P uptake 
of  oats  grown  in  the  greenhouse  on  a soil  from  Zamorano 


Treatment 

Soil 

volume 

Mean 

yield 

Mean* 

P uptake 

P,  kg/ha 

Dry  tissue,  g/pot 

P,  mg/pot 

0 

Entire 

3.T 

2.69  a 

ho 

Top  1/3 

12.3 

18.96  b 

ho 

Entire 

11.2 

19.95  b 

120 

Entire 

10.6 

35.98  c 

120 

Top  1/2 

13.8 

40.98  c 

240 

Entire 

12.2 

57.20  d 

* 

Values  not  followed  by  the  same  letter  are  significantly  different  at 
the  5^  level. 
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Fig.  10  - Yields  of  dry  matter  and  P uptake  by  oats,  as 

influenced  by  placement  and  rate  of  P application. 


Uptake  of  P,  mg/pot 
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recovery  percentages  of  P in  calculating  the  Ur/Ub  values. 

The  Ur/Uh  values  predicted  from  the  compensation  function  were 
0.62  and  0.T4  where  Xr/Xb  values  were  O.33  and  O.50,  respectively. 

The  fraction  of  the  soil  volume  in  the  pot  to  which  fertilizer  was 
applied  was  represented  by  Xr  and  the  volume  of  the  soil  in  the  pot 
by  Xb. 

The  observed  and  calculated  Ur/Ub  values  for  the  four  treatments 
mentioned  above  are  given  in  Table  I5.  The  calculated  Ur/Ub  values 
were  obtained  using  the  modification  preposed  by  Hammond  and  Robertson 
(32).  Their  equation  was  a rearrangement  of  DeWit's  original  equation 
which  corrected  for  the  effect  of  high  recovery  on  the  Ur/Ub  value. 

The  observed  Ur/Ub  values  (Table  I5 ) were  lower  than  those  predicted 
from  the  conpensation  function.  However,  when  adjustment  was  made  for 
the  relatively  high  P recovery,  the  observed  value  followed  the  compen- 
sation function. 

Hammond  and  Robertson  (32)  indicated  that,  experimentally,  Ur/Ub 
values  lower  than  those  obtained  from  the  conpensation  function 
suggest  little  advantage  of  banded  over  fully  incorporated  application. 
Since  this  was  the  case  for  the  soil  under  study,  there  was  no  advantage 
of  banded  over  f\illy  incorporated  application  of  P fertilizer.  In 
this  soil,  P availability  from  fertilizer  resulted  in  relatively  high 
recovery  of  P.  Although  P uptaXe  increased  with  the  rate  of  P fertiliza- 
tion, the  differences  between  P uptake  from  the  banded  and  fully  incor- 
porated application  were  not  statistically  significant  (Table  14  and 
Fig.  10). 
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Table  15  - Phosphorus  uptake  ratios  in  relation  to 
fertilizer  placement  ratios®’ 


Ur/Ub 

Treatment 

con?>arison 

Xr/Xb 

Observed 

Calculated^ 

P,  kg/ha 

40  in  top  1/3  compared 
with  120  in  entire  soil 

0.33 

0.49 

0.48 

120  in  top  1/2  compared 
with  240  in  entire  soil 

0.50 

O.JO 

0.66 

^Symbols : 


Xr  is  the  fraction  of  the  soil  voltune  in  the  pot  to  which  fertilizer 
was  applied;  Xb  is  the  soil  volume  in  the  pot;  Ur  is  the  uptake  from 
locally  applied  fertilizer;  and  Ub  is  uptake  from  the  broadcast 
application. 

^Derived  from  equation  2 by  Hammond  and  Robertson  (32). 


SUMMARY  AND  CONCLUSIONS 


Greenhouse  and  laboratory  experiments  were  conducted  on  two 
soils  from  Zamorano  which  had  been  under  different  management  practices 
and  had  received  no  fertilizer  during  the  past  20  years.  Studies 
included  the  effects  and  interactions  of  N and  P on  yields  of  dry 
matter,  nutrient  uptake,  and  organic  and  inorganic  fractions  of  soil  P. 

Soil  profile  descriptions  were  made  at  two  sites,  A and  B.  One 
site  wan  located  within  the  boundaries  of  the  Escuela  Agricola  Panameri- 
cana  and  the  other  on  a neighboring  farm. 

Surface  soil  san5)les  to  a depth  of  15  cm  were  collected  from  both 
sites  for  greenhovise  and  laboratory  studies.  Saa?)les  of  each  horizop 
were  taken  for  chemical  and  physical  ansOyses.  Undisturbed  soil  cores 
were  obtained  for  bulk  density  determinations. 

The  soils  used  in  the  study  were  low  in  total  N and  available  P 
content.  They  were  found  to  have  a high  C/P  ratio  and  approximately 
605&  of  their  total  P was  in  the  organic  fraction. 

Morphologically  the  soils  under  investigation  could  be  classified 
as  Vertisols  except  that  the  exchange  capacities  were  lower  than  that 
stipulated  for  Vertisols. 

\ The  effect  of  N on  yields  of  dry  sorghum  forage  was  negative  in 

^ the  absence  of  added  P and  positive  in  the  presence  of  added  P.  This 

1 

■ 

interaction,  that  is,  the  effect  of  N as  conditioned  by  the  eiddition  of 
P,  was  highly  significant.  This  pot  test  experiment  was  conducted  at 
Zsioorano,  Honduras. 
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Yields  of  dry  millet  tissue  obtained  from  an  experiment  conducted 
at  the  University  of  Florida  also  indicated  a similar  highly  significant 
NP  interaction.  This  interaction  was  also  found  for  N uptake  by  millet 
plants.  The  NP  interaction  for  P uptake  vas  not  detected.  The  effects 
of  soil  and  applied  P on  the  uptake  of  P by  plants  were  significant  and 
highly  significant,  respectively. 

The  P fractionation  data  showed  that  N application  increased  the 
organic  P content  and  decreased  the  inorganic  P content  of  the  soil. 

It  was  also  observed  that  millet  plants  grown  on  soil  treated  only  with 

/ 

N had  a lower  P content  than  plants  grown  on  non-treated  soil. 

The  activity  of  micro-organisms,  as  measured  by  COg  production, 
decreased  significantly  in  response  to  N application.  However, 
addition  of  P significantly  increased  the  CO2  production.  Significant 
differences  in  soil  organic  P were  not  found  as  a result  of  N or  P 
applications  although  there  was  a slight  increase  of  organic  P where  P 
was  applied  at  80  kg/ha. 

Observed  P recoveries  due  to  placement  were  lower  than  those 
predicted  from  DeWit's  theory.  However,  when  the  high  percent  recovery 
of  P was  considered,  the  observed  and  theoreticeil  values  were  in  close 
£igreement. 

The  viptake  of  P from  broadcast  and  localized  application  as  P at 
40  kg/ha  was  not  statistically  significant.  This  was  also  true  where 
the  P rate  was  120  kg/ha. 

The  following  conclusions  were  made: 

1.  Response  to  N applications  was  not  obtained  until  a sufficient 
sijpply  of  available  P was  assured. 
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2.  Available  P in  the  soil  decreased  with  W application. 

3.  The  decrease  of  inorganic  P and  the  increase  of  organic  P 
were  due  to  microbial  action. 

4.  Soil  microbial  activity,  as  evidenced  by  CQ2  evolution,  was 
lower  where  P was  not  applied  than  where  P was  applied. 

5 . Mineralization  of  organic  P by  soil  micro-organisms  was 
increased  when  sufficient  soluble  P was  applied  to  the  soil. 

6.  Unavailability  of  P to  plants  was  the  major  factor  which 
limited  plant  growth. 

7.  No  advantage  was  found  of  localized  over  broadcast  applica- 
tion of  fertilizer  P. 
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Table  l6  - Profile  descriptions  of  two  Zamorano  soils 


Depth  Morphology 


Soil  A at  pit  1 

0-15  cm 

Dark  brown  (lOYR  2/3)  clay  loam;  strong 
angular  blocky  structure;  very  hard,  friable, 
plastic,  and  sticky,  gradual  boundary;  pH  in 
H2O,  6.3;  pH  in  N KOI,  5.1. 

15-45  cm 

Very  dark  brown  (lOYR  2/2)  clay  loam;  strong 
angular  blocky  structure;  very  hard,  friable, 
plastic,  and  sticky;  gradual  boundary;  pH  in 
H20,‘6.2;  pH  in  N KCl,  4.5. 

45-67.5  cm 

Very  dark  grayish-brown  (lOYR  3/2)  clay  loam; 
moderate  granular  structure;  very  hard;  firm, 
plastic,  and  sticky;  gradual  boundary;  pH  in 

HgO,  6.3;  pH  in  N KCl,  4.4. 

67.5-82.5  cm 

Dark  brown  (7.5YR  3/2)  loam;  medium  angular 
blocky  structure;  very  hard;  firm,  plastic  and 
sticky,  clear  boundary;  pH  in  H2O,  6.3;  pH  in 
N KCl,  4.2;  red  and  brown  concretions. 

82.5-100  cm 

(2.5YR  3/4)  sandy  clay;  angular  blocky  structure 
very  hard,  firm,  plastic  sticky;  pH  in  H2O, 

6.2;  pH  in  N KCl,  red  and  brown  concretions 

Soil  A at  pit  2 

0-37  cm 

Very  dark  gray  (lOYR  3/1)  sandy  clay  loam; 
strong  angular  blocky  structure;  very  hard, 
friable,  plastic  and  stidlcy;  gradual  boundary; 
pH  in  H2O,  6.8;  pH  in  N KCl,  5*2. 

37-75  cm 

Dark  yellowish-brown  (lOYR  3/4)  sandy  clay 
loam;  moderate  granular  structxire;  very  hard; 
friable,  plastic  and  sticky;  gradual  boundar^^; 
pH  in  H2O,  6.6;  pH  in  N KCl,  4.9. 

75-105  cm 

Dark  yellowish-brown  (lOYR  3/4)  clay  loam; 
moderate  granular  structure,  very  hard,  firm, 
very  plastic  and  very  sticky,  pH  in  H2O,  6.2; 
pH  in  N KCl,  4.5. 
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Table  l6  — Continued 


Depth 

Morphology 

Soil  B at  pit  1 

Q-k^  cm 

Very  dark  brown  (lOYR  2/2)  sandy  clay  loam; 
moderate  angular  blocky  structure,  very 
hard,  friable,  plastic,  and  sticky;  gradual 
boundary;  pH  in  H2O,  6.h;  pH  in  N KCl,  5-1* 

45-T5  cm 

Very  dark  brown  (lOYR  2/2)  sandy  clay  loam; 
moderate  angular  blocky  structure,  very  hard, 
friable,  plastic  and  sticky;  pH  in  H2O,  6.6; 
pH  in  N KCl,  k.9. 

Soil  B at  pit  2 

O-63  cm 

Very  dark  brown  (lOYR  2/2)  clay  loam;  moderate 
angular  blocky  structure;  very  hard,  friable, 
plastic,  and  sticky;  gradual  boundary;  pH  in 
HgO,  5.7;  pH  in  H KCl,  4.7. 

63-87  cm 

Dark  yellowish  brown  (lOYR  3/4)  clay  loam; 
moderate  angular  blocky  structure,  very  hard, 
friable,,  plastic,  and  sticky,  gradual  boundary 
pH  in  H2O,  5-9;  pH  in  N KCl,  4.7* 

87-150  cm 

Pale  brown  (lOYR  6/3)  clay  loam;  moderate 
angular  blocky  structure,  very  hard,  friable, 
plastic,  and  sticky;  pH  in  H2O,  6.2;  pH  in 
N KCl,  5.1. 

Table  IT  - Physical  properties  of  soils 
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Table  l8  - Chemical  properties  of  soils 
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Organic  P determined  by  the  difference  in  P extractable  with  12  N HCl  before  and  after  ignition  as 
described  by  Olsen  and  Dean  (56). 
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Table  19  - Analysis  of  variance  for  yield  of  dry  sorghtun 
forage  obtained  in  response  to  N and  P fertilization 
of  two  Zeunorano  soils 


Source 

Degrees 

of 

freedom 

Meaji  square  s 

F 

Replications 

2 

12.36 

Treatments : 

T 

70.85 

Nitrogen,  N 

1 

68.00 

6.26* 

Phosphorus,  P 

1 

316.83 

29.20»f^^ 

NP 

1 

94.41 

8.70^<- 

Soil,  S 

1 

0.48 

0.04 

SN 

1 

8.88 

0.81 

SP 

1 

0.13 

0.01 

SNP 

1 

7.04 

0.65 

Error 

14 

10.85 

Significant  at  the  5^  level. 
Significant  at  the  1^  level. 
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Table  20  - Analysis  of  variance  for  dry  weight  yield  of 
millet  plants  obtained  in  response  to  N,  P,  and  K 
fertilization  of  two  Zamorano  soils 


Source 

Degrees 

of 

freedom 

Mean  square  s 

F 

Replications 

2 

9.5 

Treatments : 

15 

383.2 

Soil,  S 

1 

0.00 

0.00 

Nitrogen,  N 

1 

20.01 

4.32* 

SN 

1 

1.37 

0.29 

Phosphorus,  P 

1 

5,631.12 

1,216.22** 

SP 

1 

3.79 

0.82 

NP 

1 

U1.30 

8.92^ 

SNP 

1 

0.77 

0.17 

Potassium,  K 

1 

4.  Ilf 

0.89 

SK 

1 

0.28 

0.06 

NK 

1 

0.35 

0.07 

SNK 

1 

0.17 

0.04 

PK 

1 

13.97 

3.01 

SPK 

1 

1.17 

0.25 

NPK 

1 

21.73 

4.69»^ 

SNPK 

1 

7.28 

1.57 

Error 

30 

4.63 

*Significant  at  the  5^  level  . 

Significant  at  the  1^  level. 
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Table  21  - Analysis  of  variance  for  N uptake  by  millet  grown 
on  two  Zamorano  soils  fertilized  with  N,  P,  and  K 


Source 

Degrees 

of 

freedom 

Mean  squares 

F 

Replications 

2 

1, 900.23 

Treatments : 

15 

7,816.13 

Soil,  S 

1 

8,442.64 

16.24^H<- 

Nitrogen,  N 

1 

14,195.85 

27.31** 

SN 

1 

473.07 

0.91 

Phosphorus,  P 

1 

73,924.24 

142.23*^ 

SP 

1 

398.07 

0.76 

NP 

1 

17,330.66 

33.34** 

SNP 

1 

6.59 

• 0.01 

Potass  itim,  K 

1 

859.11 

1.65 

SK 

1 

345.56 

0.68 

NK 

1 

3.65 

0.007 

SNK 

1 

305.97 

0.58 

PK 

1 

58.90 

0.11 

SPK 

1 

144.10 

0.27 

NPK 

1 

724.40 

1.39 

SNPK 

1 

2.09 

0.004 

Error 

30 

519.74 

*Significant  at  the  5^  level. 

^Significant  at  the  1$  level. 
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Table  22  - Analysis  of  variance  for  P uptake  by  millet  grovm 
on  tvo  Zamorano  soils  fertilized  with  N,  ~P,  and  K 


Source 

Degrees 

of 

freedom 

Mean  squares 

F 

Replications 

2 

50.30 

Treatments : 

15 

4,490.63 

Soil,  S 

1 

83.39 

4.26* 

Nitrogen,  N 

1 

8.04 

0.41 

SN 

1 

1.08 

0.05 

Phosphorus,  P 

1 

61,136.1k 

3, 435.86** 

SP 

1 

54.20 

2. 77 

NP 

1 

1.15 

0.05 

SNP 

1 

0.2T 

0.01 

Potassium,  K 

1 

10.40 

0.53 

SK 

1 

4.81 

0.24 

NK 

1 

21.29 

1.08 

SNK 

1 

4.99 

0.25 

PK 

1 

31.44 

1.61 

SPK 

1 

0.88 

0.04 

NPK 

1 

0.20 

0.01 

SNPK 

1 

0.55 

0.02 

Error 

30 

19.54 

*-■ 
** 


Significant  at  the  1^  level. 
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Table  23  - Analysis  of  variance  for  organic  P content  of 
two  Zamorano  soils  fertilized  with  N,  P,  and  K 


Source 

Degrees 

of 

freedom 

Mean  squares 

F 

Replications 

2 

2,0T9.^^ 

Treatments : 

15 

569. IT 

Soil,  S 

1 

2,310.18 

14.97** 

Nitrogen,  N 

1 

858.52 

5.56* 

SN 

1 

247.52 

1.60 

Phosphorus,  P 

1 

526 . 68 

3.41 

SP 

1 

38.52 

0.24 

NP 

1 

196.02 

1.27 

SHP 

1 

11.02 

0.07 

Potassium,  K 

1 

697.68 

4.52* 

SK 

1 

188.02 

1.21 

NK 

1 

305.02 

1.97 

SNK 

1 

247.52 

1.60 

PK 

1 

1,054.68 

6.80*- 

SPK 

1 

46.02 

0.29 

NPK 

1 

1,419.18 

9.19** 

SNPK 

1 

391.02 

2.53 

Error 

30 

154.32 

Significant  at  the  5^  level. 

y y 

Significant  at  the  1^  level. 
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Table  24  - Analysis  of  variance  for  inorganic  P content 
of  tvo  Zamorano  soils  fertilized  with  N,  P,  and  K 


Source 

Degrees 

of 

freedom 

Mean  squares 

F 

Replications 

2 

176.89 

Treatments : 

15 

1,873.66 

Soil,  S 

1 

4, 981.68 

1,203. 305«^ 

Nitrogen,  N 

1 

172.52 

41.67** 

SN 

1 

1.68 

0.40 

Phosphorus,  P 

1 

20,958.52 

5,062.40^* 

SP 

1 

77.52 

18.72*^ 

NP 

1 

188. C2 

SNP 

1 

17.52 

4.23* 

Potassium,  K 

1 

1,210,02 

292.27** 

SK 

1 

72.52 

17.51** 

NK 

1 

!t6.02 

11.11** 

SNK 

1 

22.68 

5.47* 

PK 

1 

25.52 

6.16 

SPK 

1 

20.02 

4.83* 

NPK 

1 

285.18 

68.88** 

SPNK 

1 

25.52 

4.83* 

Error 

30 

4.14 

*Significant  at  the  level. 

^^Significant  at  the  1^  level. 
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Table  25  - Tbe  effect  of  N and  P applications  on 
COg  production  from  a Zamorano  soil 


Fertilizer  applied 

Replications 

Mean 

N 

P 

1 

2 

kg/ha 

COg-C,  mg/200  g of 

soil 

0 

0 

73.10 

71.50 

72.30 

100 

0 

75-31 

73.67 

74.50 

0 

8o 

79.23 

77.99 

78.61 

100 

80 

74.55 

74.88 

71.71 

200 

80 

73-91 

76.89 

75.10 

100 

240 

78.66 

79.78 

79.22 
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Table  26  - The  effect  of  N and  P applications  on  organic 
P content  of  a soil  from  Zamorano 


Fertilizer  applied 

Replications 

Mean 

N 

P 

1 

2 

kg/ha 

Organic  P,  ppm 

0 

0 

8T.5 

82.5 

85.0 

100 

0 

75. 0 

8o.o 

77.5 

0 

80 

75. 0 

87.5 

81.2 

100 

80 

90.0 

95.0 

92.5 

200 

8o 

6o.O 

90.0 

75.0 

100 

21^0 

62.8 

77.8 

67.8 

Table  27  - Analysis  of  variance  for  COg  production 
in  a Zamorano  soil  fertilized  with  N and  P 


Source 

Degrees 

of 

freedom 

Mean  squares 

F 

Replications 

1 

0.00 

Treatments 

5 

13-9^ 

8.13* 

Error 

5 

1.71 

*)(* 

Significant  at  the  5^  level. 
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Table  28  - Analysis  of  variance  for  organic  P content 
of  a Zamorano  soil  treated  with  W and  P 


Source 

Degrees 

of 

freedom 

Mean  squaires 

F 

Replications 

1 

275. 5 

Treatments 

5 

145.1 

2.14 

Error 

5 

68.2 
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Table  29  - Dry  weight  yield  of  oat  plants  as  influenced 
by  P fertilization  of  a Zamorano  soil 


Treatment®' 

Soil 

voltime 

Replications 
1 2 

Mean 

P,  kg/ha 

g/pot 

0 

Entire 

4.3 

3.1 

3.T 

ko 

Entire 

9.8 

12. T 

11.2 

120 

Entire 

10.6 

lO.T 

10.6 

240 

Entire 

13.2 

11.2 

12.2 

40 

Top  1/3 

12.5 

12.1 

12.3 

120 

Top  1/2 

11.0 

16.6 

13.8 

^Basal  treatment  of  K is  100  kg/ha;  of  K is  200  kg/ha. 
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Table  30  - Uptake  of  P by  oats  as  influenced  by  P 
fertilization  of  a Zamorano  soil 


Treatment^ 

Soil 

volume 

Replications 
1 2 

Mean 

P,  kg/ha 

P uptake,  rag/pot 

0 

Entire 

3.33 

2.06 

2.69 

ho 

Entire 

16.  Oh 

23.87 

19.95 

120 

Entire 

3h.l8 

37.79 

35.98 

2 ho 

Entire 

60.89 

53.52 

57.20 

ho 

Top  1/3 

, IT. 50 

20.h3 

18.96 

120 

Top  1/2 

35.09 

h6.87 

ho.  98 

^Basal  treatment  of  K is  100  kg/ha;  K is  200  kg/ha. 
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Table  3I  - Analysis  of  variance  for  P uptaJte  by  oats 
grown  on  a Zamorano  soil  fertilized  with  N,  P, 
and  K 


Source 

Degrees 

of 

freedom 

Mean  squares 

F 

Replications 

1 

25.50 

Treatments 

5 

T4i^■.T0 

32.80*^ 

Error 

5 

22.70 

Significant  at  the  level. 
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